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ABSTRACT

Ferguson, Daniel, M., Ph.D., Purdue University, December 2013. How Engineering
Innovators Characterize Engineering Innovativeness: A Qualitative Study. Major
Professor: Matthew W. Ohland.

The use of science and engineering skills to address the problems of modern society is
regarded as an economic strategy in developed countries across the world. However,
business and political leaders in the United States feel that we, as a society, do not
understand that new global competition can match and even outpace us on innovation.
Many of the studies on innovators are not specific to engineers. This study filled a gap in
the understanding of what characteristics constitute innovative behavior in engineers.

The purpose of this study was to explore engineers’ views of innovation and innovators
who create and implement innovations in order to develop socially accepted descriptions
of these phenomena. More specifically, three research questions were examined: “How
do engineers define and describe innovations and the innovation process?”, “What are the
characteristics or knowledge, skills, and attributes that enable engineers to translate their
creative ideas into innovations that benefit society?,” and, “How do these individual
characteristics that enable engineers to be innovative vary across the stages of
innovation?”

xiii
This study of engineering innovativeness was set in an interpretivist framework and
developed a socially co-constructed description of engineering innovativeness. The data
were collected through interviews with experienced and recognized engineering
innovators who described engineers who were innovative including themselves. To
inform the full study an exploratory convenient interview-based pilot study of
engineering innovativeness was conducted with engineering innovators.

Participants were identified using a purposeful criterion and snowball sample and
recruited by contacting engineering professionals in multiple disciplines and locations to
act as connectors and also recruited using snowballing through engineering innovators.
A grounded theory analysis approach for integrated data collection and analysis was used
to construct and test models of engineering innovativeness across the interviewee-defined
stages of the innovation process. After construction of a codebook and coding reviews
with research collaborators, interviews were coded until theoretical and categorical
saturation was achieved. Participants identified definitions of an innovation and the
innovation process, engineering innovator characteristics and an overall model of
engineering innovativeness and a model of engineering innovativeness in the participant
defined stages of the innovation process. A description of the non-innovative engineer as
a negative case was also developed.

1

CHAPTER 1 INTRODUCTION

1.1

Goal of the Study

“the science and engineering research enterprise…
these are disciplines that lead to innovation across the spectrum of modern life.”
(National Academy of Engineering & Institute of Medecine, 2007, pp. 90-91)

"Science discoveries in the U.S. and their accompanying technological application by
engineers have accounted for nearly half of the economic growth in the U.S. in the last 50
years" (Department of Labor, 2007; Jablokow, Purzer, Ferguson, & Ohland, 2012, p. 1;
National Science Board, 2007).
The use of science and engineering skills to address the problems of modern society is
regarded as a critical economic strategy in developed countries across the world (Kelley
& Littman, 2001). However, business and political leaders in the United States feel that
we, as a society, do not understand that our new global competition can match and even
outpace us on innovation (Locke, 2010). Over the last 30 years global competition and
innovation in products and services has selected new winners and losers (Friedman,
2005) and the leading role that the U.S. has had in technological innovation is
disappearing (Jablokow, et al., 2012; Locke, 2010).
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Innovation in all aspects of modern life is seen as a socioeconomic cure for many of the
troubles of modern societies (Friedman, 2005; Kelley & Littman, 2001; National
Academy of Sciences, National Academy of Engineering, & Institute of Medicine, 2007).
"Acting as the translators of new or existing technology into innovations that benefit
society (National Academy of Engineering, 2004) is the Olympic torch that engineers are
expected to carry" (Castillo, 2010; Crawley, 2007; Ferguson & Ohland, 2012, p. 1;
Jablokow, et al., 2012).
The goal of this study was to identify the unique characteristics of engineers that enable
them to produce the innovations that U.S. society so urgently desires.

1.2

Research Questions

The purpose of this study was to explore the behavior of engineers who create and
implement innovations in order to develop a socially accepted description of this
phenomenon. The research questions were: “How do engineers define and describe
innovations and the innovation process?” “What are the characteristics or knowledge,
skills, and attributes that enable engineers to translate their creative ideas into innovations
that benefit society?” And "How do these individual characteristics that enable engineers
to be innovative vary across the stages of innovation?"
This study filled a gap in the understanding of what characteristics constitute innovative
behavior of engineers and how those innovative characteristics vary across the stages of
innovation.

3
1.3

Overview of Study Methodology

This study of engineering innovativeness was set in an interpretivist framework (Cohen
& Crabtree, 2008) with the purpose of developing a socially-constructed description of
the critical factors of engineering innovativeness. The social construction of the
description of engineering innovativeness was obtained by conducting, recording, and
analyzing interviews with experienced and recognized engineering innovators who
described the behavior of engineers who were innovative including themselves.
An exploratory convenient interview-based pilot study (M. Patton, 2002, pp. 235-238) of
engineering innovativeness was conducted in the summer and fall of 2011 with eight
engineering innovators, averaging over thirty years’ experience. The purpose of the pilot
study was to inform the process of conducting the full study on engineering
innovativeness (Ferguson, Cawthorne, Ahn, & Ohland, 2012). Results from the
exploratory study assisted in the design of this study and confirmed that attributes of
innovative behavior in engineers can be identified.
Data collection for this full study started with open-ended semi-structured interviews of
engineering innovators in the summer of 2012 (Creswell, 2008, pp. 225-228; M. Patton,
2002, pp. 344-354). A purposeful criterion sample of engineering innovator participants
(M. Patton, 2002, p. 230) was identified and recruited by contacting engineering
professionals in multiple disciplines and locations to act as connectors to engineering
innovators (Gladwell, 2000). Additional engineering innovators were then recruited using
a criterion-based snowball approach expanding from the professional networks of

4
engineering connectors and engineering innovator interviewees (Gladwell, 2000; M.
Patton, 2002, p. 237).
A grounded theory analysis approach for integrated data collection and analysis was used
to construct and test a model of the critical factors of engineering innovativeness across
the interviewee-defined stages of the innovation process (Charmaz, 2006, pp. 18-41; M.
Patton, 2002, p. 237). Memos were written during coding to inform the model
construction (Charmaz, pp.72-95). After construction of a codebook and coding
reliability testing with research collaborators, interviews were coded until theoretical and
categorical saturation was achieved (Charmaz, 2006, pp. 96-122; M. Patton, 2002, pp.
490-491). Additional interview sampling and coding was done until categorical and
theoretical saturation was reached to provide confirmation of analysis results, increase
sample size and expand the data available for report writing (M. Patton, 2002, p. 491).
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CHAPTER 2 LITERATURE REVIEW

2.1

Definition of an Innovation

There was confusion among engineers and in society about innovation. Table 2.1
produced by a web blog, Innovation Zen, captured a sense of the confusion about
innovation; is it a what or a how?; a process, a product, or an event?; an idea, a capability
or a permanent change? (Definition of an innovation, 2012; Ferguson & Ohland, 2012).
Table 2.1 Definitions of Innovation (Definition of an innovation, 2012)
Definition of Innovation
"The act of introducing something new”
“A new idea, method or device”
“Change that creates a new dimension of performance”
“The introduction of new goods (…), new methods of
production (…), the opening of new markets (…), the
conquest of new sources of supply (…) and the carrying
out of a new organization of any industry.”
“Innovation is a new element introduced in the network
which changes, even if momentarily, the costs of
transactions between at least two actors, elements or
nodes, in the network”
“The three stages in the process of innovation:
invention, translation and commercialization”
“Innovation is the way of transforming the resources of
an enterprise through the creativity of people into new
resources and wealth.”
“The ability to deliver new value to a customer”

Author or Source
American Heritage
dictionary
Webster Online
Peter Drucker
Joseph Schumpeter

Regis Cabral

Bruce D. Merrifield
Paul Schumann

Jose Campos
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This confusion about innovation, however, did not extend to governments and
researchers as innovation is measured as the output of a process or the result of a series of
actions and decisions by an individual, team, company, group or nation that produces
something innovative (OECD, 2007). West and Richards defined innovation as
“intentional introduction and application within a job, work team, or organisation of
ideas, processes, products, or procedures that are new to that job, work team or
organisation and that are designed to benefit the job, work team or organization” (Ferrari,
Cachia, & Punie, 2009).
To be innovative, an innovation must be new and provide benefits in the context where it
is implemented (Csikszentmihalyi, 1996). Researchers on innovations are more direct
when defining an innovation. Teresa Amabile’s pithy definition of an innovation is:
“new, valuable and realized” (Amabile, 1996a). Denning expands his innovation
definition to a statement including the community impacted by the innovation:
“Innovation is the adoption of new practice in a community” (Denning & Dunham, 2010,
p. 6). Neither Amabile nor Denning were referring specifically to engineers producing an
innovation.
To be an innovator, you must bring forth ideas that are both new and benefit the parties or
organizations to which your ideas are successfully applied (Amabile, 1996a; Floyd,
1989)). So, if you produce innovations then you are innovative but that leaves a gap in
understanding the behavioral processes or the knowledge, skill, and attributes that enable
engineers to produce an innovation (Ferguson, et al., 2012).
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2.2

Lack of an Accepted Definition of Innovative Engineers

Being called an innovator, like Steve Jobs, was a desired label and potential compliment
for a successful designer, artist, businessman, teacher, musician, or an engineer
(Crowdsource, 2010; Ferguson & Ohland, 2012). Just as there are overlapping definitions
of an innovation, as well as domain specific descriptions (MacLeod, 2010; Robinson,
Sparrow, Clegg, & Birdi, 2005 ; Turley & Bieman, 1995), consensus definitions of the
characteristics of an innovative engineer do not exist. Innovativeness was most often
discussed by describing the output resulting from innovations, like patents, new products,
increased sales or reduced costs, rather than the knowledge, skills or attributes of
engineers that were necessary to produce those innovations (Drucker, 1986; Dyer,
Gregersen, & Christensen, 2011a; Morris, 2008; OECD, 2005).
The term innovative is also used interchangeably or by overlapping definition in the
literature with the four words ‘creative’ (Csikszentmihalyi, 1996; Genco, 2010), ‘design’
(Bollfrass, 2008), ‘problem solver’ (Simon, 1975; Welch, 2009), and ‘entrepreneurial’
(Ames & Runco, 2005; Dimov, 2011; Morris, 2008) to describe a person’s behavior,
motivation or abilities and the results of that behavior: problem solutions and
innovations.
Figure 2.1 below is a representation of the knowledge or skill components (creativity,
design, problem solving and entrepreneurial skills) and relationships of engineering
innovativeness that the researcher and study collaborators hypothesized to exist based
upon their prior literature searches and the pilot study results. This conceptual insight
framed the interview protocol that drove the study data collection.
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________________________________________________________________________

________________________________________________________________________
Figure 2.1 Engineering Innovativeness Factors

Four skills related to innovativeness (creative, entrepreneurial, design and problem
solving skills) are displayed in Figure 2.1 as circle or oval elements. Four additional
influences on innovativeness were also cited in the literature: personality, community,
intelligence, and knowledge or education and are situated as yellow/square boxes on
Figure 2.1 (Csikszentmihalyi, 1996). Lines in Figure 2.1 are hypothesized relationships
between these different contributors or influences on innovativeness and arrows indicate
hypothesized directions for the effect or influence between these factors and
innovativeness. Innovativeness is displayed as overlapping with creative and
entrepreneurial behavior consistent with the study definitions provided in Table 2.1.
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The four competencies (creative, problem solving, designing, and entrepreneurial) are
knowledge and skill sets assumed to make engineers more competent and innovative.
“Technically competent and innovative” is the siren call made by the National Academy
of Engineering in its 2005 report, Educating the Engineer of 2020 (National Academy of
Engineering, 2005). In entrepreneurship research there is also a call to focus on how
entrepreneurs do innovation, not just the economic evidence of what disruptive
entrepreneurs sometimes produce, i.e., innovative businesses (Dimov, 2011).
Insights into the confusion and difficulties surrounding innovation and the innovation
process is provided by Scott Berkun in his work, The Myths of Innovation, (Berkun,
2010; Dimov, 2011)). Berkun cites Niccolo Machiavelli for an exhortation about
innovating that captures the spirit of this challenge of understanding the difficulties in the
innovation process:
" There is nothing more difficult to take in hand, more perilous to conduct, or
more uncertain in its success, than to take the lead in the introduction of a new
order of things" -Niccolo Mchiavelli (Berkun, 2010)
Berkun also discussed several myths about how innovation comes about that contribute to
the confusion about how to be innovative for any person much less an engineer. Ideas and
inventions, for example, are not innovations which debunks two popular innovation
myths. Berkun’s clarifications however do not point to specific behaviors that engineers
should use to be innovative. Berkun does provide some simple advice and prescriptions
for becoming more innovative: "Pick a specific problem you are passionate about and get
to work" (Berkun, 2010, p. 154).
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There were many overlapping definitions and confusing uses of the word innovative and
no consistent and broadly accepted use of the term. In particular there were no accepted
and generally used definitions of the term ‘innovative engineer’. The purpose of this
study was to address this issue.
2.3

Definitions in This Study

Identifying how engineers act in an innovative manner is described differently depending
on how you see an engineer's role in the innovation process ( as creating an idea, problem
solving, designing a solution, or implementing a solution) (Ferguson & Ohland, 2012).
In this study an innovation is defined as a new or novel idea that has value to a
community and it is produced and adopted, purchased or used by that community
(Ferrari, et al., 2009). An innovation can be a product, process or concept and can be an
incremental or disruptive change in the practices of a community (Bygrave & Hofer,
1991; Drucker, 1986; Ferrari, et al., 2009; Sharma, 1999).
Engineering in this study is defined as a discipline where people with technical training
or experience apply science and technology to implementing solutions to business and
societal problems (Crawley, 2007; Dictionary, 2012; Koen, 2003; Noble, 1978; Seely,
1999).
Creative behavior of an engineer in this study is defined as the generation of a new and
novel idea that has value and is adopted in a community (Csikszentmihalyi, 1996). Being
entrepreneurial is defined as 'taking' a new or novel idea all the way through realization
(or commercialization) of the idea (Drucker, 1986; Sharma, 1999). Being innovative as a
behavior of an engineer is defined as both the creation or generation of a new or novel
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idea that has value in a community and the implementation of that new or novel idea for
the benefit of that community or society (Castillo, 2010; Jablokow, et al., 2012).
The terms implementation ability and entrepreneurial ability are used interchangeably in
society and also in this study. Entrepreneurial ability is often also associated with the act
of and skills used for creating a for-profit or not-for-profit business. These two terms
refer to the ability to complete the introduction and adoption of an idea into a community
and to successfully complete the innovation process.
In this study innovation as a process is defined as having at least two distinct stages: first,
the creation of the new or novel idea that has value in a community and, second, the
implementation and adoption of that new or novel idea for the benefit of that community
or society (Buggie, 2001; G. S. Ford, T. M. Kousky, & L. J. Spiwak, 2007).
In the entrepreneurial and innovation literature the transition from the first innovation
stage to the second innovation stage is often referred to as a third distinct innovation
stage, the development or experimentation stage. This development or experimentation
stage or middle innovation stage occupies a temporal space between the creation of the
innovation and the implementation of the innovation. Ford and others refer to this time
between creation and implementation as the 'Valley of Death' because so many new
ventures fail in this in-between period (Buggie, 2001; G. S. Ford, et al., 2007).
While these definitions will be maintained for this study, there is not a clearly accepted
and non-conflicted use of these terms in the marketplace (Ferguson & Ohland, 2012).
When an engineer's novel ideas are accepted and used by the larger society outside their
immediate community (e.g., a patent is granted, a company is created that uses the novel
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idea), the novel ideas generated by an engineer can be judged to be domain-changing
creativity (Csikszentmihalyi, 1996; Drucker, 1986; Hargadon, 2003). Craft sees creativity
as the ability to 'see possibilities that others haven't noticed', and Esquivel sees it as the
critical process involved in the 'generation of new ideas'. (Ferrari, et al., 2009). Zeng et al.
after reviewing definitions of engineering creativity see engineering creativity as "a
cognitive process that results in an idea or solution that is novel and appropriate that
people will purchase, adopt, use or appreciate [domain-changing] "(Zeng, Proctor, &
Salvendy, 2011). But for Oosterbeek creativity is a part of being entrepreneurial
(Oosterbeek, 2010). There remains, therefore, in the marketplace and in scholarly work
conflicting or overlapping definitions for terms such as innovative, creative or
entrepreneurial (Parkhurst, 1999; Vehar, 2008).
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Table 2.2 Definitions Used in This Study
An Innovation

A new or novel idea that has value to a community and is adopted,
purchased or used by that community.

Engineering

A discipline where people with technical training or experience apply
science and technology to the solution of business and societal
problems.

Creative

The ability to generate a new and novel idea that has value in a
community.

Entrepreneurial,
Implementation
Ability
Innovative

The ability to 'take' a new or novel idea all the way through realization
(or commercialization) of the idea in a community.
The generation of a new or novel idea that has value in a community
and the implementation of that new or novel idea for the benefit of that
community.

Engineering
Innovativeness
Innovation
Process

Engineers exhibiting innovative behavior
First, the creation of the new or novel idea that has value in a
community, Second, the development of that idea so that it can be
implemented and, Third, the implementation and adoption of that idea
for the benefit of that community.

Creation stage

Discovery of the new or novel idea that has value in a community.

Development
Stage

Experimenting, prototyping, and testing the benefits of the idea to the

Implementation
Stage

Deploying the idea in a community and the community accepting or

community.

utilizing/purchasing a process/product to realize the benefits of the
idea.

Domain

A group of people belonging to a community or organization for
which a new idea has or may have application and benefits, or a body
of knowledge focused on one topic.

Paradigm

A way of thinking, doing or performing a process or practice or
making or constructing a product to which a new idea can be applied.
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2.4

Constructs and Models Related to Engineering Innovativeness

A concept entitled 'innovativeness' exists in business marketing and marketing research
literature. According to Rogers who popularized the term, "Innovativeness is the degree
to which an individual or other unit of adoption is relatively earlier in adopting new ideas
than other members of a system" (E. M. Rogers, 1962, p. 22). Rogers further defines an
innovation as "an idea, practice or object that is perceived as new to an individual or
other unit of adoption" (E. M. Rogers, 1962, p. 22), a narrower definition than used in
this study as it does not require that the innovation have value to the unit of adoption.
Rogers defines the 'Innovation -development process' as what is defined in this study as
the stages of innovation (E. M. Rogers, 1962, p. 137) and he identifies "recognizing a
problem or need" (E. M. Rogers, 1962, p. 137) as one critical skill of a scientist involved
in the process of creating an innovation (E. M. Rogers, 1962). Rogers however is focused
on how innovations actually diffuse rather than the attributes of engineers who are
innovative.
Extensive measurements of 'consumer innovativeness' based on Rogers’ model have been
conducted since the term was first coined. In that research work are measurements of
characteristics of behavior of early or late adopters of innovations (Goldsmith &
Hofacker, 1991). Validated instruments of consumer innovativeness will be useful in
future studies that investigate engineering innovativeness.
In a different construct, the adaption-innovator continuum conceived by Kirton, describes
behavioral traits associated with the way individuals including engineers approach the
solution of problems (M. Kirton, 2003). Kirton refers to individuals as tending toward
adaptors or innovators in the way they approach problem structuring and problem

15
solving. The traits identified by Kirton that define an innovator correspond to the
characteristics associated with engineering innovativeness as described by engineering
innovators (Jablokow, et al., 2012). Kirton's research evidence for building the adaptorinnovator construct, however, is not focused solely on engineers identified by practice
and training. “Adaption-innovation is a cognitive style and a characteristic of the
individual as distinguished from actual behavior which is flexible” (M. Kirton, 2003, p.
66). Adaptors and Innovators according to Kirton are distinguished in the following
ways: (M. Kirton, 2003, p. 55)
Adaptors:

Innovators:

Are predictable, inflexible

are impractical, risky, abrasive

accept constraints

redefine and challenge constraints

do things better

do things differently

prefer structure

prefer less structure

manage current systems well

able to respond to change or crisis

In a recent popular book, The Innovator's DNA, the authors identify five major attributes
of disruptive innovators: associating, questioning, observing, networking, and
experimenting (Dyer, et al., 2011a, p. 283) that they maintain are critical to innovative
behavior. The insights that led to these five attributes came from over a decade of work
and interviews with nearly 500 "disruptive innovators" and 5,000 other business
executives. Interviewee selection was made from four sources: start-up entrepreneurs,
corporate intrapreneurs, product innovators and process innovators. Their interviewee
selection began after confirmation that their interviewee's companies had achieved
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significant increases in market valuations as a result of introducing innovations, as
measured by an innovation premium in their market capitalization (Dyer, et al., 2011a,
pp. 4,162). The primary criterion for selecting innovators for their research was success
of the venture. This measure qualified the individual who was identified with creating
and implementing disruptive innovations. Their sample is not specific to engineers but
does differentiate discovery and delivery behavior by stage of the business life cycle
(Dyer, et al., 2011a, p. 35).
Dyer et al. also identified individuals who were less innovative or less imbued with
‘discovery’ skills as having ‘delivery’ skills. The delivery skills were cited as analyzing,
planning, detail-oriented and implementing and they apply to individuals who are less
capable in discovery skills and more capable in these delivery skills. Dyer et al. also
identified the differences in skills of non-innovators across each of the attributes of
disruptive innovators.(Dyer, et al., 2011a, pp. 33, 51, 68, 97, 116, 137)
In another recent publication, The Innovators Way: Essential Practices for Successful
Innovation, Denning and Dunham studied the conversations and commitments of
hundreds of innovators. They proposed eight practices of successful innovators: Sensing,
envisioning, offering, adopting, sustaining, executing, leading and embodying,-all of
these practices "generated in high intensity environments" (Denning & Dunham, 2010, p.
xvi):. The first five practices according to the authors relate more to creating and
implementing an innovation and the last three practices more to sustaining innovation
practices in an organizational context. These two sets of practices are analogous to the
Dyer et al. discovery and delivery phases of innovation. Denning and Dunham did not
specifically investigate engineers or technological innovation.
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The models of Dyer et al. and Denning and Dunham are potentially translatable to
engineers but both models require innovative engineers as samples and application to the
specific stages of innovation in order to address the research questions in this study.
Tom Kelley in his book, The Ten Faces of Innovation, defines ten personas of the
innovator based upon projects with hundreds of companies with whom IDEO, the
innovation consulting firm which Kelly leads, has advised on innovation. Kelly’s
innovator profiles focus on the front-end or discovery process of innovation and are
described as: (Kelly, 2005)
Table 2.3 Ten Faces of Innovation
Anthropologist

-observes, asks, watches, learns, trys

Experimenter

-makes abstract concrete, prototypes

Cross Pollinator

-has T shaped knowledge, kindles diversity, always
learning

Hurdler

-overcomes barriers, never quits

Collaborator

- brings eclectic groups together, leads from the middle,
learns from others

Director

-gives center stage to others, rises to tough challenges

Experience-Architect -designs compelling user experiences
Set Designer

-creates a new stage for innovation to flourish

Caregiver

-builds relationships, develops expertise, customer centric

Storyteller

-shares compelling narratives that communicate a
fundamental value

A different approach was taken by Ragusa who defined an Innovation Index for
Engineers consisting of the following ten constructs described below (Ragusa, 2011):
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Table 2.4 Innovation Index for Engineers
Engineering Self-Confidence: The degree to which the student exhibits selfconfidence in his or her decisions.
Engineering Self-Strength: The degree to which the student is able to
operationalize his or her decisions in the face of adversity.
Engineering Artistry: The students’ ability to make sense and have fluency in
engineering design.
Engineering Intellectuality: Students’ intellectual ability specific to the
engineering domain.
Engineering Flexibility: Degree of students’ diversity in thinking processes within
and beyond the engineering mindset in diverse engineering related settings.
Engineering Fluency: Students’ level and depth of understanding of diverse
aspects of the engineering discipline.
Engineering Environmental Sensitivity: Students’ ability to recognize the
importance of environment in his or her work.
Disciplined Imagination: Students’ ability to imagine diverse problem solving
approaches within the engineering discipline coupled with ability to use a diverse
engineering problem solving skill set in the face of distractors.
Engineering Initiative: Students’ ability to take action to work within the
discipline without cuing or prompting.
Engineering Inquisitiveness: Students’ level and depth of curiosity about
engineering processes, how things work, and diverse problem solving approaches
within and beyond the discipline .
This Innovation Index is constructed with reference to items extracted from creativity and
entrepreneurship literature and the author reports that individual test items have been
validated. There is an assumption in Ragusa's research that if you test as creative and
entrepreneurial as measured by these constructs then you are innovative or have the
potential to be innovative. There are 40 items in the Innovation Index test, with 3-6 items
per construct, to measure the 10 constructs in the Innovation Index. Chronbach alphas of
0.71 to 0.82 for the constructs were reported from testing the items in the Innovation
Index on undergraduate and graduate students. Therefore the test designed to measure the
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Innovation Index appears reliable (Ragusa, 2011). How the Innovation Index might
measure the innovativeness of practicing engineers or apply to attributes appropriate to
the stages of innovation was not clear as stages of innovation were not mentioned in
Ragusa's published work. In addition students as test subjects likely were not selected
because they were actual or potential engineering innovators. Ragusa's work, however,
was another potential model to compare against the study findings.
In the research on entrepreneurship there are numerous models and studies focused on
entrepreneurial behavior (Ardichvilia, Cardozo, & Ray, 2003; Baron, 2011; Bird, 1995;
Boyd & Vozikis, 1994; Chung, 2004; Drucker, 1986; Fontela, 2006; Haynie, Shepherd,
Mosakowski, & Earley, 2010 ; Kinghorn, 2008; Mitchelmore & Rowley, 2010; Sarri,
2010; Tam, 2009; Zhao, 2010). Some researchers equate entrepreneurial behavior and
innovative behavior as we have defined them in this study just as some researchers
equate creative behavior and innovative behavior (Csikszentmihalyi, 1996). For this
study implementation ability and entrepreneurial ability are defined as identical. What is
important about this definition equivalence in this study is that entrepreneurial behavior
has been widely studied and the attributes associated with successful entrepreneurs
widely reported. "Innovative engineers need to be successful entrepreneurs themselves,
or partner with entrepreneurs, in order to implement their new useful or domain-changing
products, processes or concepts" (D. Ferguson & Ohland, 2012 p.5 ). Therefore
entrepreneurial attributes provide another potential comparison model to engineering
innovativeness. For example Oosterbeek reports that there are seven competencies and
three skills required for successful entrepreneurs (Ferguson & Ohland, 2012; Oosterbeek,
2010):
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Table 2.5 Entrepreneurial Competencies
1.
Need for achievement. Entrepreneurs strive for performance and
compete. They build their company with their professional goals in mind and set
high target levels and put in much effort to reach them.
2.
Need for autonomy. Entrepreneurs desire the ability to resolve their
problems and to bring activities to a successful end on their own.
3.
Need for power. Power is the need to have control over others to
influence their behavior. Successful entrepreneurs know what they want and how
to influence others to achieve their own goals.
4.
Social orientation. Entrepreneurs know that connections with others are
required to realize their ideas. They make these connections easily and are driven
by professional considerations in their social activities.
5.
Self efficacy. Entrepreneurs are usually convinced that they can bring
every activity to a successful end. Also, they feel that they can control their own
success, which does not depend on others.
6.
High degree of endurance. Successful entrepreneurs have an ability to
persist, in spite of setbacks or objections.
7.
Risk taking propensity. Entrepreneurs can deal with uncertainty and are
willing to risk a loss.
8.
Market awareness. The ability to sympathize with the needs of
(potential) clients, link these needs to one’s own business and appeal to the
specific needs of a clearly defined target group of customers. Entrepreneurs have
the ability to anticipate changes in the market based on their awareness of the
needs and wants of customers and the activities of competitors.
9.
Creativity. This is the ability to adopt views from different perspectives
and to see and try new possibilities based on open observations of (changes in) the
environment. Moreover, creativity reflects the capability to turn problems into
new opportunities.
10.
Flexibility. This is a measure of the ability to adapt and react to changes
they observe in their environment, such as new needs of clients or new
competitors in their market (Oosterbeek, 2010).

In summary there were multiple models to compare to the model grounded in the data of
this study. However, while some of these models aligned their findings with the stages of
innovation, all were formulated from data drawn from different samples than successful
engineering innovators. By interviewing a sample of engineering innovation experts this
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study filled a gap in knowledge about engineering innovation. This study also provided a
socially constructed description of engineering innovativeness for each of the stages of
innovation.

2.5 Results of the Pilot Study in Engineering Innovativeness
In this exploratory qualitative pilot study (Ferguson, Cawthorne, Ahn, & Ohland, 2013)
the research question was: “What set of intrinsic abilities (skills, knowledge or attributes),
when combined with extrinsic factors, enable engineers to create innovations that benefit
society?” This study was conducted in the summer and fall of 2011 and the study data
were collected from a convenient sample of eight interviews of engineering innovators
averaging 30+ years of industry, entrepreneurial, and academic experience. The purpose
of this exploratory study was to inform the design of the larger research study on
engineering innovativeness now completed.
There was universal agreement among the interviewees that an innovation is a product,
process or concept that is new or novel, is valued, and is successfully introduced into a
market or society. The six most important innovative behavior attributes of engineers
identified by the interviewees were domain knowledge, opportunity recognition,
teamwork skills, the willingness to listen to others strengthened by curiosity, risk taking
or the willingness to risk failure, and persistence. There was strong agreement that the
ability to work in and with teams was a necessary ingredient for successful innovative
behavior. A social climate that suppresses innovation due to lack of tolerance of failure or
unwillingness to take risks was also judged to be a significant factor in inhibiting
innovative behavior. Creativity was seen as essential to jump start the innovation process
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but clearly not sufficient for getting an idea successfully introduced into the marketplace.
Entrepreneurial behavior was also seen as a critical component of the innovation process
but not sufficient unto itself for creating a successful innovation (Oosterbeek, 2010).
Innovation creation was seen by some interviewees as a process that can be taught,
knowledge that can be acquired or skills that can be strengthened. Innovativeness was
seen by some as a hill that a person can climb as they master the process, gain the
knowledge and practice the skills of an innovative person. On the other hand there was a
strong belief that some aspects of innovativeness are based upon personality
characteristics suggesting that some engineers are more innovative while other engineers
are less innovative" (Ferguson, et al., 2013).
This initial analysis of engineering innovativeness was limited due to potential
interviewer bias and the convenient construction of the sample (all interviewees were
previously known to the researcher). No subgroup analysis was performed. No interviews
were done outside of engineering professionals or experienced entrepreneurs for a
comparator sample."(Ferguson, et al., 2012)

2.6

Research Questions Excluded from This Study

The research questions for this study did not include examining whether
engineering innovativeness varies across engineering disciplines, varies between
engineers and non-engineers, varies between genders or between racial identities or
ethnicities, varies across the different contexts or organizations or disciplines in which an
engineer works or changes over the lifespan of an engineer. Innovativeness factors were
identified whether they were relatively fixed (e.g. personality dimensions) or changeable

23
(e.g. knowledge, skills). The optimum combinations or levels of these factors in different
mixes or combinations in engineers or in engineers in different contexts were not
examined in this study. Since the sample for the study is drawn from U.S. companies and
primarily from U.S. educated engineers there was no examination of how engineering
innovativeness varies with geographic, cultural, or language differences among
engineers.

2.7. Summary of the Study of Engineering Innovativeness
Agreement on a description of engineering innovativeness in the engineering
communities does not appear to exist at this time (Ferguson & Ohland, 2012) but the
clamor for innovations, the result of innovative behavior by engineers and others, is a
global phenomenon (Obama, 2011; OECD, 2007, 2008). A description of engineering
innovativeness which leads to its use to measure engineering innovativeness and the
ability to stimulate such behavior in engineers will be a significant contribution to the
engineering community and potentially society at large.
Interviews with 45 U.S. engineering innovators provided data for a better
understanding of the knowledge, skills, and attributes which lead to engineering
innovativeness.. This engineering innovativeness description was not generated in a 'gold
standard' study that both Nespor and Eisenhart rail against but has been created in a new
paradigm of industry and academic collaboration to produce knowledge, a paradigm shift
that Nespor is pointing out as a new reality for knowledge generation (Nespor, 2006).
The engineering innovativeness study participants and connectors formed a social group
that will spread this engineering innovativeness description within the engineering
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profession and among the larger communities where engineers work and live, a change
strategy that has worked for other concept innovations (Smith, Linse, Turns, & Atman,
2004).
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CHAPTER 3 RESEARCH METHOD

3.1 Introduction
There are many overlapping and conflicting descriptions of innovative behavior in
engineers (Ferguson & Ohland, 2012). In this study the innovative behavior of an
engineer is called engineering innovativeness and is defined as the creation of a new or
novel idea that has value in a community and the implementation of that new or novel
idea for the benefit of that community. Innovation as a process is defined as having at
least two stages: first, the creation and development of the new or novel idea and, second,
the implementation or use of that new or novel idea for the benefit of a community (G. S.
Ford, et al., 2007; Jablokow, et al., 2012).
The research questions were: “How do engineers define and describe innovations and the
innovation process?” “What are the characteristics or knowledge, skills, and attributes
that enable engineers to translate their creative ideas into innovations that benefit
society?” And "How do these individual characteristics that enable engineers to be
innovative vary across the stages of innovation?"
In this study engineers were defined as people functioning as ‘technology problem
solvers’ or people who apply science and technology to the solution of business and
societal problems (Crawley, 2007; Koen, 2003; Noble, 1978; Seely, 1999). Engineers
include people with technical training or experience and people with engineering roles or
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positions labeled design, product development, operations, research, innovation, or
research and development in corporate, academic and entrepreneurial ventures. In this
study engineering innovativeness is defined as an engineer’s ability to create, develop
and implement an innovation.
The theoretical framework for this study was interpretivist as the possible characteristics
for engineering innovativeness are not viewed as a single fixed solution but rather one
with many possible realities (Guba & Lincoln, 1994). Interpretivist positions are founded
on the theoretical belief that reality is socially constructed and fluid (Cohen & Crabtree,
2008). Thus, what we know is always negotiated within cultures, social settings, and
relationships with people (Rogoff, 1990).

3.2 Selection of a Qualitative Study and Grounded Theory Analysis Approach
This study was executed as a qualitative study because we are seeking a detailed
understanding of the phenomenon of engineering innovativeness by talking with
individuals who are engineering innovators in the 'naturalistic settings in which they
innovate' (Creswell, 2008, pp. 50-51, Lincoln & Guba, 1985). The confusion
surrounding the 'central phenomenon' of innovativeness in engineers (Creswell, 2008, pp.
50-51; Ferguson & Ohland, 2012; Lincoln & Guba, 1985) makes a qualitative study
approach an appropriate research method because we are addressing the general research
question, "What is engineering innovativeness?" to engineers who have successfully
experienced the innovation process and demonstrated that they are engineering
innovators. We are also extending the understandings that emerged from an engineering
innovativeness pilot study (Creswell, 2008, pp. 53-54; Ferguson, et al., 2013).
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This study was conducted with a grounded theory analysis approach because the results
of this study were generated inductively from interviews of experienced and recognized
engineering innovators rather than from experiments in a laboratory or from data
gathered from inexperienced or non-innovative engineers (Ferguson, et al., 2012; M.
Patton, 2002, p. 194). The model of engineering innovativeness that was developed
during this study comes from the data collected or 'grounded' in the interviews and
descriptions of engineering innovators provided by engineering innovators, not from any
experimentally constructed data sources (M. Patton, 2002, p. 11). Study participants also
described the characteristics of non-innovative engineers as they described the
characteristics of innovative engineers.
Grounded theory was an appropriate methodology due to the confusion and conflicting
theories that surround the definition of innovativeness and therefore engineering
innovativeness (Ferguson & Ohland, 2012). After collecting and analyzing data from
expert engineering innovators the models of engineering innovativeness were constructed
by interpreting the actual engineering innovation experiences that the study participants
created themselves and observed in other engineering innovators. By sampling only
engineering innovators the study findings were differentiated by the uniqueness of the
data; i.e., the study data describes the real innovation experiences of engineers and it is
from this grounding in real engineering innovator experiences that the models of
engineering innovativeness were built (Charmaz, 2006, p. 2).
The study was also conducted with the assistance of two groups of collaborators; a group
of analysis collaborators who also co-constructed the exploratory pilot study of
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engineering innovativeness (Ferguson, et al., 2013) and a group of project collaborators
who assisted in data analysis and project management (Jablokow, et al., 2012).
The practice of grounded theory analysis requires several elements that were used in this
study (Charmaz, 2006, pp. 5-6; Glaser & Strauss, 1967, 1995):


Simultaneous involvement in data collection and analysis:
During the data collection and data analysis periods results were
continuously reviewed and constantly compared with previous findings,
frequently discussed with collaborators and interview protocols, model
diagrams, and category definitions were continuously revised.



Constructing codes from the interview data not from some prior conception:
All coding and coding categorization and coding definitions were
developed from, and grounded by, using only participant data.



Comparing the current model with new data constantly during the analysis:
Revisions to engineering innovativeness models, coding assignments and
coding definitions were made after each participant interview was coded.



Memo writing to elaborate on categories, define category relationships and
identify gaps in theory:
Memos regarding category relationships and model construction were
recorded continuously while coding and minutes generated after each
collaborator discussion.



Sampling aimed for theory construction not population representativeness:
Study participants were all successful engineering innovators and were
selected for coding and analysis based the richness of the interview and for
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contributing unique insights into the understanding of engineering
innovativeness.


Conducting the literature review after the data analysis:
A literature search was done after the study analysis was complete.
However, due to execution of the pilot study and other prior related
research the researchers and collaborators were familiar with the research
space of the study.

Glaser and Straus also set out several criteria for a completed grounded theory study
(Charmaz, 2006, p. 6):


A close fit with the data:
The coding and analysis were based only on the data in the study and the
findings were discussed through examination of the participant data fitting
the interpretations as closely as possible to the grounded data.



Usefulness:
Understanding how and why engineers can be more innovative will assist
individuals, managers, national leaders and educators who desire
engineers to be more innovative (National Academy of Sciences, et al.,
2007; National Science Board, 2007).
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Conceptual density:
The models of engineering innovativeness constructed in this study
emerged only as categorical and theoretical saturation were reached during
the analysis. The number of coded interviews was then increased by 1/3 to
ensure conceptual density.



Durability over time:
The nature of the sample population, 45 eminent engineering innovators
with an average of over 30 years of recognized and rewarded innovation
experience, is evidence supporting the durability of the findings.



Modifiability:
Study findings are based upon the analysis of 20 engineering innovator
participant interviews and emphasized the ‘What stands out?’ questions
about engineering innovativeness characteristics. The insights gained can
be extended and modified as additional interviews are conducted or the
analysis is extended beyond the ‘What stands out’ questions.



Explanatory power:
The study provides insight into the characteristics of engineers who were
recognized for their innovativeness. This insight into what it takes to be
innovative gives other engineers and those who recruit, manage, or teach
engineers an explanation of what they need to do to encourage engineers
to be more innovative.
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This study captured engineering innovators descriptions of innovative engineers and
satisfied the grounded theory approach and completeness criteria recommended by Glaser
and Strauss (Charmaz, 2006, pp. 5-6).

3.3 Recruitment and Selection of Participants
The purpose of this study was to socially develop the definition of engineering
innovativeness among engineers who "share patterns of behavior, belief and language"
(Creswell, 2008, pp. 481-482). Therefore, only engineering innovators were selected for
participation in the study. Engineers are more likely to accept an engineering
innovativeness definition developed by other engineers than non-engineers because they
share the pattern of being an engineer with engineers who also have a record of success in
innovating (Creswell, 2008, p. 481; Spindler & Spindler, 1992)
There were two qualifying criteria for selecting engineering innovators. The first criterion
for participant selection was that the participant is or was an engineer by training or
experience and is or was functioning as an engineer in the role they held or have assumed
in their work. The second criterion is that the engineer is or was recognized as an
engineering innovator or understands through lived experience how engineering
innovators behave. We assumed that insights into innovative behavior also came from
teaching engineers about innovation, investing in technological innovations, or creating
companies built around technological innovations. In the approved Institutional Review
Board (IRB) application for the study the age of study participants was also limited to
those persons at or over 18 years of age.
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Recruitment of study participants was done in two stages and the first stage began in May
2012 by solicitation of professional engineers with collaborative networks of engineering
professionals in industry, entrepreneurial ventures and academia. These first stage
contacts were engineering professionals who were likely to know engineering innovators.
These individuals are also called 'connectors' by Malcolm Gladwell (Gladwell, 2000).
The most successful connectors were individuals with a prior personal relationship with
the researcher, individuals who had participated in the engineering innovativeness pilot
study, faculty of a large Midwest university, or participants in other practicing engineer
research studies conducted by the researcher.
Approximately 30 'connectors' were recruited and given a goal of recruiting 2-4
engineering innovators. About 25% of the connectors materially assisted in the
participant solicitations and recruited 24 engineering innovators (approximately 50% of
the interviews) for the study. In summary connectors were recruited from:


The Industry Advisory Council and Faculty of a large Midwest university



Members and Officers of the American Society of Engineering Education’s
(ASEE) Entrepreneurship and Innovation Division



Fellows of the Kern Family Foundation Engineering Entrepreneurship
Network (KEEN)



Directors and Principal Investigators of the National Science Foundation
funded Epicenter project at Stanford University and the National Corporate
Inventors and Innovators Alliance (NCIIA)



Professional associates of the researcher
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Connectors were asked to nominate study participants who were distinguished as
engineering innovators in at least one of these criteria: (see Figure 3.2)


A recognized history of or recognition for innovations.



Published research on innovation attributes or environmental conditions.



Courses taught on innovation or investments made in innovative companies.



New products, processes, or patents created in an existing or new business.



Multiple domains in which the individual produced innovations.

Connectors were also asked to solicit engineering innovators from the major engineering
disciplines. These disciplines were identified based on the number of engineering degrees
issued in 2009-2010, as reported by the America Society of Engineering Education
(Gibbons, 2011). These engineering fields are shown in the graph of Figure 3.1 and
listed below in order of their graduation numbers in 2009-2010. Additional engineering
innovator target designations were chosen because these professional job categories are
associated with individuals considered innovative engineers (Ames & Runco, 2005;
Bollfrass, 2008; Csikszentmihalyi, 1996). All of these participant target designations
were shared with study connectors:
Target engineers innovators from these engineering practices (in order of number of
graduates with a BS in 2009-2010) (Gibbons, 2011):
Mechanical, Electrical, Computer Science (inside Engineering), Civil,
Biomedical, Electrical/Computer, Aerospace, Chemical, Industrial/
Manufacturing, and Computer Engineering.
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Target engineering innovators from these additional professional engineering
practices:
Engineering Design Educators, Engineering Inventors, Engineering
Entrepreneurs, Engineering Entrepreneurship Educators, and Engineering
Innovation Managers.

78,347 Bachelor’s Degrees Awarded by Discipline in 2009-2010:
N
U
M
B
E
R

20,000
18,000
16,000
14,000

12,000
O
F 10,000
D
E
G
R
E
E
S

8,000

6,000
4,000
2,000
0

Figure 3.1 U.S. Engineering Degrees Awarded in 2009-2010
Source: America Society of Engineering Education (Gibbons, 2011)

Connectors were also requested to nominate women and minority engineering innovators
as study participants and as a result 16% of the study population are female and minority
engineering innovators. Finally, engineering innovator participants were recruited from
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large corporate organizations with engineering-driven innovation activities, from
entrepreneurial organizations funding and developing engineering innovations and from
academic organizations supporting engineering innovators. These three types of
organizations were chosen as sources of engineering innovators because of the large
investments made in research and development by corporate and academic organizations
and the significant capital investments made in technological innovations (Economist,
2012).
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1. A recognized history of innovations.
no recognized
innovations = 1

1

1-10 recognized
innovations = 2-9

2–9

more than 10
recognized
innovations= 10

10

2. Published research or opinions on innovation attributes or environmental
conditions which encourage or support innovation. (e.g., citations, books sold,
public appearances)
no awards, no
articles or reports
published = 1

several articles
published = 2-9

innovation awards
, many articles
published = 10

3. Teaching courses or seminars on innovation or investing in innovative
companies.
no courses taught or
investments made in
innovation activities
=1

several courses
taught or
investments made, =
2-9

recognized for
courses taught or
investments made =
10

4. Number of companies/organizations, products or patents created in an existing
or new business:
no companies,
patents or products
created = 1

more than one
company, patent or
prodcut created = 2-9

several companies ,
patents or prodcuts
created = 10

5. Number of domains in which an individual has produced incremental or
paradigm changing innovations.

one domain = 1

more than one
domain = 2-9

several domains =
10

Figure 3.2: Selection Criteria for Engineering Innovativeness Interviews
The second stage of engineering innovator recruiting was snowball and criterion
sampling through the assistance of engineering innovators who completed the
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engineering innovativeness interview. Snowball sampling refers to the approach of
asking well-informed people 'who else to talk with' and asking them to provide an
introduction to that person for the research team (M. Patton, 2002, p. 237). Criterion
sampling refers to the fact that the engineering innovator selection criteria were shared in
the thank you notes sent to all participants who agreed to assist in recruiting and often
shared by them with those individuals that they invited or suggested as research
participants (M. Patton, 2002, p. 238). This introduction by participants to other
engineering innovators resulted in an agreement to participate in a study interview for
18% of the completed engineering innovator interviews (8 of 45 interviews). The
remaining engineering innovator interviews were arranged by the researcher through his
professional contacts using the same approach as used with the connectors and the
snowball participants.

3.4 Population and Study Sample
In the ten month data collection phase of the study 45 interviews of engineering
innovators were conducted and 40% of this population sample had significant experience
in multiple types of organizations; 35% had academic experience; 70% had corporate
experience; and 35% had entrepreneurial experience. Appendix A shows the
chronological record of the construction of the engineering innovator population for this
study; the type of experience profile of the study population; the location and timing of
the interviews and the length of the participant interviews.
The study sample used in the data analysis included only 20 of the 45 participants in the
study population because categorical saturation was reached at 15 participants in the
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grounded theory analysis process (Charmaz, 2006, p. 113; M. Patton, 2002, p. 125).
Mason suggests that "sample size in the majority of qualitative studies should generally
follow the concept of saturation when the collection and analysis of new data does not
shed any further light on the issue under investigation" (Glaser & Strauss, 1967, 1995;
Mason, 2010, p. 8). Mason examined 560 doctoral theses to determine the appropriate
sample size for qualitative interview-based research and found a mean sample size of 31
interviews but with a standard deviation of 19 interviews. Of the 560 Ph.D. qualitative
research studies examined by Mason 63% were grounded theory studies. Mason cites
Cresswell (1998) suggesting that grounded theory studies should have a range of 20-30
interviews on the low end in order to reach saturation and Mason cites Morse (1994) and
Bernard (2000) for a number of interviews on the high end of a range of 30-50 interviews
(Mason, 2010).
Another sample size issue raised by Mason for qualitative studies is the sample size
needed to deal with the complexity of the phenomena being examined. Mason cites
several authors who elaborate on conditions that they felt might affect sample size
(Mason, 2010). The issues which decreased the required sample size in this study before
categorical and theoretical saturation was reached are:


Homogeneity of the population-We only interviewed engineers known to
be innovative;



Expertise in the chosen topic- We only interviewed engineering
innovation experts.
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Issues which might have increased the required sample size but did not were:


Scope of the study-We looked across the entire innovation process.However, our participants were asked to discuss a process for which they
are experts.



Nature of the topic-We investigated a topic for which there is confusion in
understanding of what an innovation is; How innovation is accomplished
and What enables people to be innovative. However, our participants were
experts in innovation and were not as confused as non-engineers or noninnovative engineers about innovation and engineering innovation.
(Mason, 2010).

In summary the study participants were experts on engineering innovativeness and
engineers with relevant lived experiences and achievements. Given such focused and
significant expertise by engineering innovators our conclusion was that a population of
45 engineering innovators provided a sufficient population to use for extracting a
grounded theory iterative sample for our grounded theory analysis approach to
engineering innovativeness (Mason, 2010).

3.5 Data Collection
The interview protocol for this study was developed based upon the conceptual research
submitted in a National Science Foundation proposal to research engineering
innovativeness (Jablokow, et al., 2012) and the interview protocol used in the pilot study
(Ferguson, et al., 2012). Three pilot interviews using the initial interview protocol
developed for this study were conducted in May, 2012 with professors of a large Midwest
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university. The interview protocol was adjusted after these pilot interviews. A recent
study of engineering innovators lead by Eden Fisher of Carnegie Mellon University was
also referenced for their approach to the construction of interview questions on creation
of innovations by engineers (Fisher, Biviji, & Nair, 2011).
Interviews began after IRB approval was received on May 18, 2012 with the initial
interview conducted on June 3, 2012. Meetings with connectors were also held at the
annual ASEE Conference in San Antonio, Texas June 10-13, 2012 and at several other
locations and times over the 10-month data collection period. See Appendix A for the
date, length and location of the interviews as well as the corporate, academic or
entrepreneurial background of each interviewee. Population interviews concluded on
March 15, 2013.
Engineering innovativeness interviews were preceded by the exchange of information
with potential interviewees about the purpose of the research. See Appendix B for the
research project description and sample solicitation text of emails that were exchanged.
The "What is engineering innovativeness?" paper (Ferguson & Ohland, 2012) was often
shared with study participants by connectors and snowball participants with interviewees
before the conduct of the interview. Interviews averaged 76 minutes and 38 of 45
interviews were conducted as face to face semi-structured discussions with only the
interviewer and participant present. Seven semi-structured interviews were done via
telephone or Skype calls. Interview conversations were captured as an audio recording
for transcription. The conditions of anonymity, confidentiality and the voluntary nature of
participation was reviewed at the beginning of each interview. Confirmation of the
member-check and redaction opportunity was mentioned during the interview and
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mentioned again in the follow-up thank you note and in the member check email that
delivered the transcription for review by the participant.
Interviewing techniques and the usefulness of interview results were reviewed by
analysis collaborators and the researcher twelve times during the June, 2013 through
October, 2012 primary data collection period (Creswell, 2008, pp. 228-230). Two
significant revisions to the interview protocol were made to reinforce the interviewee’s
focus on reflecting on their own engineering innovativeness experiences or the
distinguishing engineering innovativeness behavior of other engineering innovators. A
summary of the interview protocol is shown in Figure 3.3 and a complete interview
protocol document is in Appendix C. During each interview field notes were made on the
content and conduct of the interview and any required follow-up that resulted from
contact with the engineering innovator. No artifacts were collected. After the interview
was transcribed, the transcript was reviewed by the researcher and the transcript was sent
to the interviewee for a member-check and redaction. No transcription content was
redacted by any interviewee. Once the interview was transcribed the audio file was
deleted by the transcriptionist as required by the IRB approval.
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[1] INTRODUCTION OF THE PARTICIPANT TO THE RESEARCHER]
 But first tell me about yourself. ;about your background?
o How do you describe yourself or what you do, to another person?
o How do you prefer or like to work on a project?
[2] DEFINITION OF INNOVATION
 What is your definition of an innovation?
[3] THE PROCESS OF INNOVATION FOR AN ENGINEER
 Tell me about the process of innovation [for an engineer]?
o Tell me about any steps or phases in the process of innovation.
o Tell me more about the enablers, inhibitors? in the innovation process
[4] CREATING AN INNOVATION
 Tell me about an engineer creating or starting an innovation?
o What are they like?, what stands out about them?…
o Tell me about any enablers or inhibitors that an engineer faces at this stage of the innovation
process
[5] DEVELOPING AN INNOVATION
 Tell me about an engineer developing or moving forward on an innovation
What are they like?, what stands out about them?…
Tell me about any enablers or inhibitors that an engineer faces at this stage of the innovation
process
[6] IMPLEMENTING AN INNOVATION
□ Tell me about an engineer implementing, commercializing or completing an innovation?
What are they like? What stands out about them?
Tell me about any enablers or inhibitors that an engineer faces in this stage of the innovation
process
[7] CONNECTED CHARACTERISTICS OF AN INNOVATIVE ENGINEER-[if not previously
discussed].
a □ Can an engineer be innovative in the initial/creative stage and development/experimental/design stage?
C+D
b □ Can an engineer be innovative in the initial/creative stage and implementation/mfg/production stage?
C+I
c □ Can an engineer be innovative in the development/experimental/design stage and implementation/
stage? D+I
d □ Can an engineer be innovative in all three stages of the innovation process? Why or why not? C+D+I
e □ Please describe the ideal situation for an engineer to be innovative .
[8] THINK OF AN ENGINEER WHO IS INNOVATIVE?;Someone that you know or have worked with.
Tell me about their traits, competencies. What are they like?, How are they different than other engineers?
[9] OTHER FACTORS IN INNOVATIVENESS?-[if not previously discussed].
a□ Does a person's intelligence affect their ability to innovate?-[if not previously discussed].
b□ Do you feel that a person's personality affects their ability to innovate?-[if not previously discussed].
c□ Do you feel that a person's education affects their ability to innovate?-[if not previously discussed].
d□ Do you feel that the community or organization where a person works or lives affects their ability to
innovate? [if not previously discussed].
10] WHAT IS IT ABOUT YOU THAT MAKES YOU INNOVATIVE?
[11] IN HIRING AN INNOVATIVE ENGINEER WHAT WILL YOU LOOK FOR IN THAT PERSON?
Can these factors be changed, taught or grown in an engineer?, Did these factors grow or change for you?
[12] THANK YOU! □ Also may I have permission to list your name in our reports?
[13] FINALLY, Are there other engineering innovators that we should interview? Will you introduce us?

Figure 3.3: Questions and Protocol Used in the Engineering Innovator Interviews
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3.6 Analysis
Through twelve reviews of the interview protocol and interview results (Denzin 1989),
interpretation of the interview data began simultaneously with data collection (Hatch,
2002, p. 179). The analysis of the interview data continued with researcher review of
each transcript prior to member-check and redaction. Coding and analysis was supported
by Atlas.ti coding software. A memo was prepared and stored in the Atlas.ti software
when transcript content was particularly relevant to the research questions or the memo
was stored in a shared Dropbox file used by the collaborator teams. Every meeting with
research collaborators was documented with minutes that cited important observations
and decisions made during those collaboration meetings. The minutes were shared with
meeting participants and also stored in the shared Dropbox file. These memos and
meeting minutes form a second set of data that was incorporated into the grounded theory
analysis process (Charmaz, 2006, pp. 79-86). Two experienced qualitative researchers
were also interviewed prior to transcript analysis to identify best practices in grounded
theory research and their recommendations constant comparison, memoing and saturation
were implemented.
Open coding of interviews was used to construct a code book containing codes and in
vivo code definitions representing major engineering innovativeness constructs observed
in the interview transcripts (MacQueen, McLellan, Kay, & Milstein, 2011). The analysis
for the initial code book construction began with selection of a sample of three interviews
chosen to represent a rich and diverse set of participants’ data which had been collected
across the course of the data collection process. The criteria for the selection of these
initial three participant interviews and subsequent interviews selected were:
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Researcher’s judgment of the richness of the interview



Varied backgrounds of innovation experiences in corporate, academic and
entrepreneurial venues



Early, middle and late participation in the population data collection
process



Different engineering training and backgrounds



Variation in the demographics of the engineering innovator participants
whose transcripts were coded

The demographics of participants in the study sample are shown in Table 3.1 and the
personas of all 20 participants in the study sample are displayed in Appendix D. Personas
of the initial three participants whose interviews were coded (Coding group one: Ted,
Carol, Ian) are:


Ted is an experienced engineer with a 30+ years of chemistry and
chemical engineering background and corporate research and development
experience with multiple Fortune 100 companies. His achievements
include receiving many patents, leadership of new product development
teams, numerous recognitions for innovations and his hallmarks are
experimenting and asking himself the question, “What have others
missed?”



Carol is an internationally recognized expert in innovation processes in a
consumer products industry with formal training in Chemical Engineering.
Carol has extensive corporate and global entrepreneurial experiences, has
been awarded many patents and has directed research and development
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activities for several decades for which she received multiple innovation
recognitions. Carol excels in identifying opportunities to innovate and
barriers to innovation.


Ian’s 30+ years of innovation experience spans corporations,
entrepreneurial ventures and academic positions. Ian has a doctorate in
Electrical Engineering and he has received scores of patents for his
engineering work. Speaking about why he is innovative Ian said: “I tend to
do a lot of experiments. I’m very driven. [and I always ask myself], could
I have done a better job with that?”

Pseudonym

Coding
groups
1st Group
Ted
Carol
Ian

Table 3.1 Demographics of Engineering Innovator Study Sample
Type of Type
Type
Gender Years of ***Formal
Types of
Experof
of
InnoEducation
Innovation
ience
Exper- Expervation
Recognitio
ience
ience
Expern
ience
*Corp
*Acad *Entre
**P,**A,*
*IR
Corp
Corp
Corp

M

30-40

Acad

Entre
Entre

F
M

30-40
30-40

Acad

Entre
Entre

M
M
M
F

30-40
20-30
30-40
30-40

M

40-50

2nd Group
Riley
Ryan
Toni
Dana

Corp
Corp

Acad

Richard

Corp

Acad

Corp

Entre

Chemistry,
Chem Eng
Chem Eng
ECE

**P,**A,
**IR
**A, **IR
**P,**A,
**IR

Comp Sc
ME
ME
Chem Eng,
Bio, Bus,
SS
ME

**A,**IR
**A,**IR
**P,**IR
**A,**IR

**P,**A,
**IR
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Table 3.1 Continued
Tarik
3rd Group
Peter

Corp

Bruno

Corp

Doris
Aubrey

Corp
Corp

David
Pierre

Corp
Corp

Edward
Joseph

Corp
Corp

Acad
Acad

Greg

Corp

Acad

Corp

Jordan
Nathan

Entre

Acad

Entre

Acad
Corp

Entre

Entre

M

40-50

TRIZ

**A,**IR

M

30-40

Arch Eng

M

40-50

Mat Eng

F
F

20-30
30-40

Anal Chem
Bio Eng

M
M

30-40
40-50

ME
ME

M
M

20-30
20-30

Aero Eng
MD

M

30-40

ECE

M

20-30

Chem Eng

M

30-40

ME

**P,**A,*
*IR
**P,**A,
**IR
**A,**IR
**P,**A,*
*IR
**A,**IR
**P,**A,
**IR
**A,**IR
**P,**A,
**IR
**P,**A,
**IR
**P,**A,
**IR
**A,**IR

Legend
* Corp = Corporate, * Acad = Academic, * Entre = Entrepreneurial
**P = listed on greater than 5 Patents,, **A = Innovation Awards, **IR = Innovation
Responsibility
*** Aero Eng = Aerospace Engineering, Anal Chem = Analytical Chemistry, Arch Eng =
Architectural Engineering, Bio Eng = Biological Engineering, Bus = Business, Chem =
Chemistry, Chem Eng = Chemical Engineering, Comp Sc = Computer Science, ECE =
Electrical and Computer Engineering, Mat Eng = Materials Engineering, MD = Medical
Doctor, ME = Mechanical Engineering, SS = Six Sigma, TRIZ = Russian Innovation
Analysis Process

In these first three interviews the researcher coded all significant words or phrases into
291 in vivo codes after multiple coding passes through the 205 minutes of transcripts. An
additional 56 in vivo codes were added when the researcher coded for all instances of
non-innovative engineers as discussed in the initial three interviews coded. This brought
the total number of in vivo codes identified in these three interviews to 347 in vivo codes.
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The fact that this non-innovative engineer data existed in these (and later) interviews
resolved an important research design issue of identifying the characteristics of the noninnovative engineer or negative case of engineering innovativeness (Charmaz, 2006, pp.
101-102). The researcher concluded that a possible theoretical gap of the negative case
did not need to be addressed through additional sampling (Patton, 2002, pp. 487-492)
because engineering innovator study participants described their lived experiences with
non-innovative engineers while explaining innovative engineers (Charmaz, 2006, pp. 96122).
These in vivo codes were further organized into a 22 part prefix schema that identified
where in the interview protocol the in vivo code was positioned. For example in vivo
codes in the text discussing the beginning of an innovation process have the prefix ID1.
The researcher then intuitively combined, by comparing the underlying meaning of the in
vivo codes, 82 of the in vivo codes into other in vivo codes referring to the Pocket Oxford
Dictionary and Thesaurus (Oxford University Press, 2010) for assistance in making the in
vivo combinations. This analysis resulted in a net total of 265 remaining in vivo codes
identified in the first 3 coded interviews. These 265 in vivo codes were linked to 874 in
vivo words or phrases located in the 3 interview transcripts.
The researcher then defined 16 initial categories or focused codes from 158 of the 265 in
vivo codes that addressed the two research questions as the starting point for audit tests of
the researcher’s coding process and the in vivo category definitions. Table 3.2 below
illustrates an example of the combination of in vivo codes into the 16 starting categories.
Table 3.2 references the line number of the in vivo code listing, the in vivo code with the
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prefix identifier, the actual in vivo phrase and the number of times in each interview that
the in vivo phrase was used.
Twelve 100-400 word transcript excerpts were then selected for collaborative audits from
an additional five of the originally selected nine interviews which spanned 6 of the 22
parts of the protocol positioning schema, that is, those interview protocol parts associated
with:


defining an innovation,



defining the innovation process,



positioning a characteristic in the innovation process,



and confirming an engineering innovators insight into an engineering
innovator’s distinguishing characteristics by repeated reflective
questioning (Charmaz, 2006, pp. 31-35; M. Patton, 2002, pp. 352-353,
372).
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Table 3.2 Example of Combining In Vivo Codes for Category Creation
CA- alternatives seeker

CA-challenger/rule breaker

seeks alternatives, thinks/looks beyond what they know, generates ideas
line # tab 1
Ted
invivo codes
quotes
48
ED-look beyond own capabilities
0
103
ID1-generate ideas
1
105
ID1-good prob solver, thinks beyond what they know
8
129
ID2-developing idea/testing
3
130
ID2-finds what works, what doesn't
1
131
ID2-thinking of alternatives
2
total
15

Ian
quotes
1
0
3
4
2
0
10

Carol
quotes
1
1
5
0
0
2
9

total
quotes
2
2
16
7
3
4
34

challenger of status quo, doesn't follow rules, overcomes opposition/barriers,asks questions
line # tab 1
Ted
Ian
Carol
invivo codes
quotes quotes quotes
35
ED-asking why?, why?
1
1
0
36
ED-believe can't keep doing business the same way
3
2
1
37
ED-challenge the status quo
2
1
0
41
ED-doing experiments, causing havoc
2
3
0
50
ED-not following the rules-entrepreneur
4
3
0
76
ENTR-not follow rules, makes rules
2
0
0
83
HI-asks lots of questions
0
1
0
84
HI-curiosity
0
1
0
90
ID1-asks the right questions
14
1
1
94
ID1-challenges the staus quo
1
0
0
106
ID1-has courage, overcome barriers
3
1
6
111
ID1-likes to cause havoc
3
2
0
124
ID1-williing to do things differently
7
1
1
160
INTEL-asks questions
1
0
0
172
MI-asks why, why, why?
1
0
0
173
MI-challenges the staus quo
1
1
1
174
MI-doesn't follow rules
3
0
0
181
MI-not bound by rules
3
0
0
246
OS-challenge status quo
2
1
2
256
OS-overcome barriers
0
0
3
total
53
19
15

total
quotes
2
6
3
5
7
2
1
1
16
1
10
5
9
1
1
3
3
3
5
3
87

These 12 excerpts were then each used in coding comparisons with analysis
collaborators. Each analysis collaborator coded the 12 excerpts independently and then
the researcher and analysis collaborators compared in vivo and category coding
assignments and the in vivo-based category definitions. There was 90% agreement on
coding decisions and code definitions before the collaborative discussions and 100%
agreement on coding decisions and code definitions after discussions with the analysis
collaborators (MacQueen, et al., 2011). As a result of these coding comparison
discussions with collaborators and the examination of the 12 excerpts the researcher
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expanded and redefined identified categories to 26 categories and recoded the first three
interviews to identify all instances of these 26 categories.
At this point in the analysis process the first models of engineering innovativeness were
drawn. Model One, the initial answer to research question one, was based on all the
engineering innovator categories that were identified by the three participants. Model
Two, the initial answer to research question two, was based on two factors: 1. the three
participants had confirmed a three-stage innovation process (a beginning, middle and end
or completion stage) and 2. the three participants had identified unique engineering
innovator categories associated with each different stage of innovation. At this point the
researcher and dissertation analysis collaborators decided to double code every category
with its theoretical position code. The researcher then recoded the theoretical position of
all 26 category codes in the first three interviews to situate the category in its theoretical
position.
Categories were situated with co-placement of one of four theoretical codes: Beginning
Stage (theoretical code A), Middle Stage (theoretical code B), or Implementation Stage
(theoretical code C), of the innovation process. A metaphor of a cloud was used to
describe the associations of categories in a stage or categories influencing a part of the
innovation process but not identified specifically with a stage. Categories not specifically
identified to a stage of the innovation process were placed in an all-encompassing cloud
(theoretical code D). The theoretical reference position of a category was established
from in vivo data: a specific stage of the innovation process was mentioned by the
participant when describing the category or innovative characteristic or by the position of
the participant data within the interview protocol. If the participant was discussing a
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category they believed to be associated with engineering innovativeness in the stage of
the innovation process they were describing then that category was placed in that position
in the cloud. Categories can exist both in a stage (Model 2) and in the overall engineering
innovativeness cloud (Model 1) based on the analysis of participant data. This category
positioning process is illustrated in Figures 3.4-3.6.
The researcher then constructed Model 1 and 2 ‘cloud’ maps or models of engineering
innovativeness for each of the first three selected participant interviews. Cloud in this
case is defined as a group of associated innovativeness concepts. Each innovativeness
cloud map was unique when compared to the cloud maps of the other two participants;
consistent with a social constructionist theoretical position (Crabtree & Miller,
1992).This cloud model mapping directed the analysis toward a cross-interview step
representing an intuitive combining or aggregation of the individual categories or group
of categories into a model (Charmaz, 2006, pp. 123-150; MacQueen, et al., 2011). The
lack of agreement among the engineering innovator study participants was also
anticipated:
"As with other assessments of individual differences, we expect to find a diversity
of innovativeness profiles [among engineering innovators] that contribute to
successful innovation – each in its own way – all of which we need to understand,
within the stages of the innovation process" (Jablokow, et al., 2012, p. 3; M.
Kirton, 2003).
Figures 3.4, 3.5 and 3.6 illustrate the model diagrams constructed from the initial three
interviews. Figure 3.4 shows only the characteristics or categories, labeled by acronyms,
that Ted identified for the stages of the innovation process. Figure 3.5 for Carol and
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Figure 3.6 for Ian show characteristics identified by Carol and Ian and labeled by
acronyms for stages A, B, and C of the innovation process and also characteristics
identified but not placed in a specific stage of the innovation process, stage D. A key to
the acronym names in model diagrams is in Appendix E.

Figure 3.4 Categories Identified by Ted for Engineering Innovativeness
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Figure 3.5 Categories Identified by Carol for Engineering Innovativeness

Figure 3.4 illustrates Model Two positioning of categories with stages. Figures 3.5 and
3.6 list all categories identified for Carol and Ian by their stage location.

Figure 3.6 Categories Identified by Ian for Engineering Innovativeness
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The illustrations of the engineering innovativeness models drawn only from the
interviews of Ted, Carol and Ian are also presented to illustrate the lack of complete
agreement among these engineering innovators on what constitutes engineering
innovativeness and the richness of the information that they shared in their interviews.
The six additional interviews selected in the second study group were then coded and the
overall result of this additional coding was the identification of 20 additional categories
bringing the total number of identified categories to 46 categories. As every new category
was identified all previously coded transcripts were recoded to identify instances of the
new category. This coding and recoding required a constant comparison of new
participant data to previously coded category in vivo definitions to determine whether the
new participant data was similar to an existing coding category or a distinct new coding
category. Categories were only defined using in vivo definitions as a grounded theory
analysis approach suggests. A table showing the in vivo words and phrases used to define
the final categories is included in Appendix F
As each additional interview was recoded if a new category was added a prevalence map
was created using the Atlas.ti software to examine whether categorical saturation had
been reached or the models redrawn.. Prevalence was defined as the number of
participants who cited (or mentioned) a category in their descriptions of an engineering
innovator (Greenhalgh & Taylor, 1997; Lincoln & Guba, 1985, p. 202; M. Q. Patton,
2002, p. 246). No new theoretical codes or relationships to redefine the stages of
innovation, Model 2, emerged after coding of the first three interviews despite selection
of interviews from diverse parts of the population. Category prevalence and category
placement in stages changed as participant data was added to the analysis until category
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emergence stabilization was reached when the 15th interview was coded. Models 1 and 2
were redrawn after each new participant’s data was added to the overall analysis by
examination of a new prevalence matrix produced by the Atlas.ti software. Examples of
interim and final prevalence matrices are in Appendices 3.7 and 3.8. The prevalence
counts provided in this study do not represent a quantitative weighting of the data nor
does prevalence indicate one category is more important than another in determining the
innovative capability of an engineer.
After selecting 11 additional participants based upon the previously specified study
selection criteria -study group three, the researcher coded this additional participant data.
Category saturation was reached after coding 10 total participant interviews, that is, no
new categories were identified, but an additional 10 interviews were coded by the
researcher to stabilize category emergence and ensure category identification and
saturation. Category emergence stabilized in the models at 15 interviews as previously
stated, that is, category prevalence did not materially change after 15 interviews were
coded.
After completing coding of 20 interviews the researcher inductively reduced the number
of categories to 24 categories from 46 categories by comparing the in vivo definitions of
all categories and looking for situations where less frequently mentioned categories could
reasonably be combined with redefined stronger categories-category strength measured
by number of participants citing the category. Appendix I shows examples of these
category combinations.
After 20 participant interviews were examined by the researcher and with concurrence
from both collaborator groups the researcher decided that unless 16 or more of the 20
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participants cited a category, that category did not qualify for placement in the
engineering innovativeness cloud-model 1. Similarly for placement in the stages of
innovation-model 2, the researcher decided, again with concurrence from the collaborator
groups, that, unless 8 or more of the 20 participants cited a category as belonging in a
specific stage, a category would not qualify for placement in the stages of the innovation
model-model 2. The threshold was set lower for stage placement of categories over cloud
placement of categories because only 3 of the 22 protocol question parts actually focused
on the stages of the innovation process. Table 3.4 below shows the number of participants
who cited the category and this was the criteria used to place the category in a stage or in
the model.
All 1861 quotes identified for each of the 24 categories and the definitions of an
innovation and the innovation process were then examined and sorted for use in writing a
story that explained and defined each of the 24 categories. After this point these
categories were also referred to as characteristics of engineering innovators. These
characteristics of engineering innovators were the attributes, knowledge or skills as lived
or observed by the study sample of participating engineering innovators. For each
characteristic a table of in vivo quotes that described the characteristic was also collated
and used to help write the characteristic story. See Appendix J for a listing by category of
in vivo phrases. Final category/characteristic definition examples are shown in Table 3.3
and all category/characteristic definitions are in Appendix F. The final characteristics
used in the engineering innovativeness models are listed and defined in Table 3.5.
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Table 3.3 Examples of Category Definitions and In Vivo Phrases
Category codes/
Characteristics
codes
CA-ALT*
alternatives seeker
action

CA-CHALNGRchallenger

attribute

CA-COMMCTR
communicator
action

CA-CREATE
creative
attribute

CA-DEVLPR
developer

definition based on in
vivo codes, in vivo
statements
“seeks alternatives,
thinks/looks beyond what
they know”

Coded In vivo words, phrases with
schema prefix labels

ED-look beyond own capabilities
EDUC-the how should be flexible
ID1-good problem solver, thinks
beyond what they know
ID2-thinking of alternatives
INTEL-increases number of
alternatives
“willing to do things
ED-believes can't keep doing business
differently, challenger of the same way
status quo”
ED-challenges the status quo
ID1-challenges the status quo
ID1-willing to do things differently
MI-challenges the status quo
OS-challenge status quo
“Sells idea to others, able ED-communicates clearly to lrg #
to sell idea, extroverted” employees
ID1-sells it to champions
PERS-able to sell idea
PERS-extroverted, engaging,
innovative
PERS-good communicator
“invents something new, ED-ability to create and invent
creative”
something new
ED-creative, good imagination
ID1-generate ideas
ID1-creates
ID3-creative and problem solver
“develops idea,
ID2-developing idea/testing
prototypes, finds what
ID2-finds what works, what doesn't
works, what doesn't “
ID2-learns from failures

*‘CA-‘ is the prefix code for a category in the Atlas.ti software to distinguish category
codes from in vivo or theoretical codes. The key to the acronyms following the ‘CA-‘ is
in Appendix E.
As the researcher created the explanatory characteristic stories, the detailed evidence
examination prompted the researcher to redefine 2 categories, Deep Knowledge and
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Active Learner. Four other categories were also combined into other redefined categories
with a net result of 20 final categories with created characteristic stories and positions in
the models. All 200+ quotes used in the characteristic stories and in the definitions of an
innovation and the innovation process were then examined for redundancy to ensure that
a selected quote from participant data was used only once as characteristic or assertion
evidence. Five quotes were found to be overlapping with other quotes used in the
engineering innovator characteristic stories and they were removed or edited. A more
detailed and chronological description of this grounded theory analysis process is
provided in Appendix K.
Table 3.4 Final Matrix Used to Select Characteristics in the Models

Name of category for analysis
Deep Knowledge
Active Learner/Curious
Vision/Caring
Team Manager/Leader
Accepts Risk
Team Player/Networker
Challenger
Communications Skilled
Alternatives Seeker
Knowledge Integrator
Experimenter
Developer
Implementer
Passionate
Self-reliant
Analytical
Creative
Persistent
Market/Business Savvy
User Focused

STAGE A STAGE STAGE B
STAGE C
# PARTI#
PARTIA
PARTI- STAGE B PARTI- STAGE C
CIPANTS QUOTES CIPANTS QUOTES CIPANTS QUOTES CIPANTS QUOTES
20
117
10
14
19
132
9
33
19
120
8
13
19
106
8
11
7
9
5
8
19
83
8
15
5
6
18
118
10
23
18
89
7
21
18
75
7
22
18
67
12
20
18
66
8
17
18
57
12
26
17
73
5
9
13
39
17
60
14
45
17
44
5
6
5
5
16
93
7
9
7
10
16
70
10
21
5
10
16
60
5
9
16
57
7
11
16
57
5
7
5
14
6
12
12
59
8
32
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Table 3.5 Final Summary of Characteristic Definitions*
Characteristic Name

Characteristic Definition Using In vivo Data

Deep Knowledge

“Has depth and breadth of knowledge and experience, shares
knowledge with others.”
“Asks questions/curious - with a love of learning.”
Thinks longer term, wants to make a contribution.
“Create(s) a shared direction that other people adopt and work
together to make it happen.”
“Accepts risk, willing to take risks, not afraid to fail.”
“Has a network of collaborators [who have deep knowledge].”
“Willing to do things differently, challenger of status quo.”
“Extroverted, sells ideas.”

Active Learner/Curious
Vision/Caring
Team Manager/ Leader
Risk Taker
Networker/Team Player
Challenger
Communications
Skilled
Alternatives Seeker
Knowledge Integrator
Experimenter
Developer/Adapter
Implementer
Passionate
Self-Reliant
Analytical
Creative
Persistent
Market/ Business Savvy
User-Focused

“Seeks alternatives, thinks/looks beyond what they know.”
“Lateral, non-linear thinker, associative thinker.”
“Doer, ready to try something, makes abstract concrete.”
“Develops idea, prototypes, finds what works, what doesn't.”
“Gets tasks done, reliable, detail oriented.”
“Passionate, excited.”
“Confident, individualistic, self-motivated.”
“Meticulous and careful examination of the problem.”
“Invents something new, brings into existence.”
“Committed, determined, resilient.”
“Understands customers/ markets-entrepreneurial thinking.”
“Empathetic, aware of a customer need, focus on the
customer.”

*Characteristics listed in order of largest number of study participants who mentioned it.

3.7 Researcher Perceptivity and Interviewer Bias
The first point to make about the researcher’s perceptivity is that due to his previous
corporate and entrepreneurial experience the researcher possesses process knowledge
about engineer innovativeness in multiple domains. The researcher has also taught
undergraduate and graduate courses on creativity, innovation and entrepreneurship to
engineers for the past decade. Therefore, the researcher had to be careful not to let his
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experiences unduly influence his interviewing technique or his analysis (Weis & Fine,
2000 pp. 60-66). The researcher is also actively studying innovation and entrepreneurship
and writing conference and journal papers on these topics with collaborators so this
knowledge and experience was kept at arm's-length during collection and analysis of the
participant data (M. Patton, 2002, p. 65). Good interviewing technique and careful
attention to the actual interview data are the strategies that were used to control any
undue influence on the interviewing process or analysis due to the researcher’s prior lived
experiences.
Based on receiving a NSF REE grant to support and extend this research, the researcher
also needed to control for what was stated in the NSF proposal not unduly influencing the
collection and analysis of the study data. Access to substantial economic or cultural
capital which provides opportunities to engineering innovators could also engender envy
in the researcher , so he may view the access to resources with a biased lens if it proved
to be important in the innovative behavior discussed in the interviews (Weis & Fine,
2000 pp. 71-72). Good interviewing techniques and careful attention to the actual
interview data during analysis were the strategies used to avoid these biases.
The researcher’s extended personal experiences as a serial intrapreneur and entrepreneur,
may also make him more inclined to emphasize issues that he has previously encountered
(Creswell, 2008, p. 266). Being careful not to ignore or discount participant data is how
the researcher coped with this personal experience bias.
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3.8 Summary of Methods
In accordance with a grounded theory analysis approach to analyzing the participant data
all code and category definitions and theoretical coding decisions in this study are based
on the ‘grounded’ data provided by the engineering innovator study participants not on
any external data, models or theories. Analysis of the participant data required constant
comparisons within and across participant’s data and comparisons with previous coding
assignments. These comparisons resulted in a continuously changing landscape of
emergent categories and model relationships until theoretical and category saturation was
obtained.
Categories saturation and stabilization of category placement in the engineering
innovation models was reached respectively in the 10th to 15th coded transcript. Discovery
of new categories required going backwards to recode previously coded interview
transcripts such that more than 50% of the researcher’s total analysis effort was expended
on coding less than 1/3rd of the coded interview transcripts. This analysis technique,
however, aided the researcher in gaining an understanding of the complexities contained
in the socially co-constructing reality of engineering innovativeness.
Prevalence was used as a tool in this study to determine placement of a characteristic in a
stage or in the overall process model of engineering innovativeness. There is however no
absolute importance in the analysis placed on one characteristic of engineering
innovativeness over another because of the prevalence data. The overall conclusion was
that the prevalent characteristics are ingredients of engineering innovativeness which can
be mixed or matched in various ways to achieve engineering innovativeness. These
insights are further discussed in chapters four and five.
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CHAPTER 4 FINDINGS

4.1 Introduction to Findings
The findings of this study, grounded in the participant data, consist of two definitions of
innovation, twenty engineering innovator characteristic descriptions and two models of
engineering innovativeness. There is also an example of the uniqueness of the
perceptions about engineering innovativeness by ‘expert’ engineering innovators and a
description of the non-innovative engineer. Given that study participants are describing
their own or the observed-characteristics of engineering innovators, the wide variety of
descriptions of the distinguishing characteristics of engineering innovators is a
confirmation of the socially constructed nature of this phenomenon. The description of
the non-innovative engineer is additional evidence that contrasts the engineering
innovativeness with its opposite non-engineering innovativeness.
The two innovation definitions are the foundations of this study as they are the definition
of an innovation and the innovation process, the bedrocks upon which this study rests.
The 20 engineering innovator characteristic descriptions are the walls, windows, doors,
ceilings and furniture that define the architecture of engineering innovativeness in
engineers. The engineering innovativeness models provide no single answer or simple
formula for replicating or explaining engineering innovativeness as this socially
constructed reality varies widely across individuals and the stages of innovation.
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Engineering innovativeness is also influenced by the context in which engineers live and
work and their interactions with non-innovative engineers. In the process of creating,
developing and implementing an innovation different knowledge, skills and attributes
(KSAs) of engineers stand out in the different stages of innovation process. The names of
the characteristics were selected by the researcher to represent the data provided by the
participants.
4.2

Finding One: Definition of an Innovation

Engineering innovators agreed on the definition of an innovation and described an
innovation as something new or novel which has value and is used, adopted or accepted
in the marketplace. They categorized changes in products or processes as being more or
less innovative and described some changes in products or processes as different types of
innovation. Engineering innovators also differentiated having an idea or being creative as
not comparable to implementing an innovation.
An innovation was defined by engineering innovators as:
“Simply put, it’s a new way of doing things. It’s breaking tradition and taking a
new approach to solving an old problem. I think an innovation is actually only
truly innovative if it is delivered to the world and widely adopted, and enjoyably
used.” Riley

“In my mind innovation is recognizing a need, or a gap, or a circumstance that
could be better and then bringing to bear new ways of putting things together,
[things] that usually exist, to be able to meet that need, or that gap.” Richard
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“Something that profoundly impacts the particular market in which a product or
service is done, [or where] it’s sold and made. “I think the thing with innovation
is it’s taking the idea, although it’s not just the idea, it’s taking the idea and
enabling the idea.” Ted

“[It’s] the creation of something new that adds value for the customer and the
corporation. That’s the ‘what.’ There’s also a ‘how’ that occurs’ piece. And the
how is the extraction of knowledge from the human experience which includes
literature, patents, people and all that they carry. And the structuring of that
knowledge for efficient and effective use.” Tarik

“[It’s] something that creates economic value for stakeholders, end users and the
company themselves. [An innovation] delivers [on] an unmet or under-met needs
in a sustainable business way. So it has to be a viable business proposition.”
Carol

“An innovation is an idea for doing something and a series of action steps to
bring that to be the practice to allow you to make a difference in some context. In
other words [it’s] to make an impact that improves a situation. There [are]
various definitions [of an innovation] depending on the context and then you have
to change that definition depending on the context. It’s generally an idea and
implementation that causes an improvement within a context.” Jordan
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Engineering innovators rejected just having ideas and changes in products or processes as
being innovations:
“An idea is the equivalent of that proverbial tree [falling] in the forest. Ideas are
a dime a dozen. I’ve got an idea. I just had a great idea out there. So? Act on it.
Turn it into something real; get it out in the world.” Riley

“They just turned the things so it was a diamond [not a square] and now they
called it, “New Diamond Shreddies.” And sales got a little bump for that. They
gave that as an example of innovation. That’s marketing, I’m not sure that’s
innovation. I think there’s a little bit of difference between creativity and
innovation. I would class that maybe as being creative but not necessarily
innovative.” Ted

“A true innovation in my mind really has to represent some kind of discontinuity
in thinking, some non-intuitive surprise thing. I don’t consider Pet Rocks which
probably made somebody a lot of money to really be an innovation. Maybe some
people would; maybe it’s a commercial innovation. Everybody attaches the word
“innovation” to everything because people have said we need innovation to get
out of this [economic] hole. And so everything is now innovation. Or, when
you’re doing a performance appraisal everybody’s innovative. I like to use the
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word “clever.” Innovations to me tend to be clever. They tend to be obvious in
retrospect. But, [innovations] aren’t obvious prior to them being described.”
Pierre

[Innovation is] what [some] people call an “aha” moment. This moment of
discovery that you’re connecting the dots and putting some ideas together that are
helpful for a very specific purpose. [An innovation occurs when] you’re able to
execute that answer in a rapid fashion because somebody needs it, or somebody
requires you to do that. What differentiates engineering innovations [is] that
you’ve got to be able to execute it. You’ve got to be able to implement it, in
addition to coming up with the idea.” Edward

Engineering innovators differentiated types or levels of innovation in a variety of ways
reflecting the context in which they innovate. In particular they described engineers
making changes in products or processes to improve those products or processes as being
innovative. They also recognized that innovations can occur by making improvements
throughout the process of producing a product or service not just at the creation of a new
product or process:
“There’s a lot of innovation in engineering like [what] you call incremental
innovation that occurs, that doesn’t get recognized. It’s part of your everyday
work as an engineer or a scientist to improve things.” Ted
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“When I breakdown innovation, I think context has a lot to do with it. So, there’s
innovation kind of out of nothing, [in the] very early stages of thinking [about a
problem]. And then there’s the innovations [where] you’re already doing
something and you’re kind of far down in terms of the business, or a process, or
something that you’re involved with, and you’re making something better. And, it
might be in a really very different way or it might be in a more straightforward
incremental way. But those are also innovations.” Ian

“An innovation to me is something that can be more than one thing. Some people
would say I would say that an innovation is something that’s brand new. It can be
a product. It can be a method; a methodology or a method, a work process. It’s
something that is brand new or never been done before. That’s one kind of
innovation. Another [kind of] innovation is when you take something that has
been used in one area and you twist it or tweak it a little bit and you totally move
it to another area where it hasn’t been applied. So an innovation can [be an]
application of an old concept in a different or new space.” Dana

“Innovations in engineering are about the application of science to new ideas;
new ways of doing things that are better for us.” Bruno

“There is definitely innovation that happens on the back-end [of the innovation
process] but it’s a different innovation than what happens on the front-end. The
front-end is more of that inspirational, no one’s ever thought of this, patenting
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kind of thing. And then the back-end I think the innovation comes [when] people
are asking you to do impossible things. Make this for $2.00, but the [material]
alone costs $3.50. So, you’re like, Mmph, that seems challenging.” Doris

“I’m a little bit of a mercenary. It’s gotta’ make money; gotta’ make a lot of
money. I figure that more money makes the bigger innovation as far as I’m
concerned.” Pierre

Engineering innovators defined an innovation as an improvement in a product or process
that has value to users of the product or process and that is implemented sustainably or
profitably in a community or marketplace.

4.3 Finding Two: Definition of the Innovation Process
There is agreement among engineering innovators that there is a process for creating an
innovation that has stages and that the stages of the innovation process can vary by
context or type of innovation. Engineering innovators most often described an innovation
process as having a front-end stage that includes two parts: first, a creative or idea
generation phase and then second. a development phase which includes a feasibility
analysis and proof of concept testing.
This is followed by a back-end stage which includes sell, build, implement and sustain
phases. Engineering innovators sometimes work in contexts where the innovation process
has a more formal front-end stage of exploration, idea generation, testing and
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development. In their context this front-end stage is then followed by a back-end
implementation, operations and business management phases of the innovation process.
Some engineering innovators described the innovation process focusing primarily on the
front-end stage or their roles in the innovation process as only the front-end stage of the
innovation process. Other engineering innovators perceived the innovation process as
having one or two or more than two distinct stages or a process that varies by context or
type of innovation. And still other engineering innovators have formal multiple-stage
definitions that describe the entire innovation process (Högman & Johannesson, 2013;
O'Connor, 1994).
In general engineering innovators saw the innovation process in a broad scope of a
beginning (an idea), middle (an invention) and end (an implemented innovation) of a
connected process and they also described this process metaphorically:
“So an idea is a creative seed of what could be. An invention is the translation of
the idea into something that could be viable but the true innovation has vetted the
idea and invention and made it a sustainable business proposition.” Carol

“If you invent something, or you create something and it’s not used, it’s not
innovation because there was no buy-in to whatever it was you created. In
engineering it starts from seeing a need, or a lack, or a gap. And seeing how the
application of some sort of technological approach can fill that need or gap.
[Next] testing various ideas and solutions until you find something that feasible
and viable. And once you come up with a reasonable solution or prototype you’ve
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got to sell the idea, or find the customer. The customer doesn’t necessarily mean
someone in a store who’s buying the idea, it could just mean someone who can
find use in what you’ve developed.” Greg

“Once you select [an idea] that looks as if it’s got good merit, then you’ve got to
do the detailed engineering work to see whether or not the customer needs will
really be met in the device that you’re coming up with. [Then] you’ve got to rally
other people around you and the idea, and sell the idea in a way that enables the
usefulness of it, the value of it to be seen by others. [Then] you’ve got to bring
others on board to enable it to be brought to fruition. And you’ve got to sell the
idea to those that have resources that would enable you to take it to [this] next
step. And, then you’re going to build it.” Richard

“There was a German philosopher by the name of Arthur Schopenhauer who used
this description about truth, [and] he said it goes through three phases. The first
phase is ridicule. And I thought tha, this is really the same as a good idea. The
first phase is ridicule where people will take it very personally when people attack
them. And you always hear things like, “What’s the matter did you sleep through
your thermodynamics class? Are you an idiot? What’s going on here?” It makes
me shudder how many potential cures for cancer were probably killed because of
the response that somebody got to presenting an idea either to the wrong people
or at the wrong time.
And then it seems to go through a phase of resistance. And you’ll hear things
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like, “Okay. Yeah ... okay, I buy your science but it’s going to cost too much.
You won’t get it done in time,” And what’s typically happening is somebody’s
paradigm is about to be attacked. What made them famous, great, likeable, is
going to be displaced by something different so there’s this resistance in the
organization.
And, when you get past that it’s like, ‘Well, geez, that’s pretty obvious.’ And I’m
thinking well, yeah, everything’s obvious. I mean we’re not violating any laws of
nature here. In the end when you analyze it everything is going to follow the rules
[of physics]. But, I always say to them, ‘Well if it was so obvious why didn’t you
come up with it?’ ‘ And, why did I have to work [on] coming up with this idea?,
Why didn’t you do it?,’ Which usually keeps them a little quieter.” Pierre

When they discussed the innovation process some engineering innovators emphasized the
front-end aspects of the innovation process or placed themselves squarely in the front-end
stage of the innovation process:

“Front-end is anything from exploratory through feasibility. Exploratory is ‘I
don’t have any clue what we’re doing yet but I’m going to go out and look
around’. Idea phase is, ‘I’ve narrowed in somewhat on a group of people, or an
occupation, or a topic’. Concept is, ‘I’ve narrowed it even more now. I am
thinking about a particular solution or a particular area that I’m going to try to
think up solutions for.’ Feasibility is, ‘I have a concept that is going to appeal to
this group and as a business case. It looks good.’ And that’s, to me, typically
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where the front-end ends. Innovation actually defines the whole process up to the
point where the person is taking it out of the box and is delighted.” Doris

“Well, for me it was always kind of trying things and then address[ing] the
weaknesses. I guess is the closest I would come to a process.” Toni

“I think it starts with defining what a need is, right? There’s got to be some
unmet need. It can be a consumer need. It could be a company’s need for greater
profit margin, more efficiency off of your machines, some unmet need. And then
you go through the process of saying, “Okay, how might I accomplish that unmet
need? How might I solve that unmet need?” The next steps are you have to look
at the economics of it. How am I going to make this economically viable? And
there’s logistics. A lot of it is supply chain, how do you get supply chain going?
Who do you work with? Along with that there comes the question of, “Gee, I
want to be able to do it in a proprietary [way] so there’s some advantage to
having the proprietary position in solving this problem.” You start to think of
ways to solve it that others probably have not thought about solving it.” Ted

“Henry Ford said, ‘Manufacturing’s not buying low. It’s the process of buying
materials fairly with the smallest possible addition of cost [and] transforming
those materials into a consumable product.’ I don’t know what other people do,
but here [innovation] comes from continuously thinking of the service you’re
providing and the improved resources that allow you to put together a [better]
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solution to it as time goes on. It might be CAD/CAM, it might be a new sensor, or
a more powerful micro. It’s just keeping on beating on the door. Going around
the problem and thinking of it again and again, and then it just comes to you.”
Ryan
Engineering innovators also differentiated engineering innovator characteristics needed in
the front-end or back-end of the innovation process:
“I feel like innovation is everything that happens in the beginning, and there’s not
much operations going on. And then later on, it’s like 80 or 90% operations and
the innovators are struggling to find their ways to make those kinds of
contributions. So, I think some people have an internal natural skill or they’re
oriented a certain way. I know it’s harder to turn that operations person into the
innovator. It’s hard [to turn] the innovator all the way into that operations
person.” Ian

“If you’re trying to separate creative problem solving from actually implementing
the solution, is the innovator the implementer? Did I implement my innovation or
not? If you said, yes, then I’ve gotta’ have the persistence to carry through and
probably lots of people telling me that this isn’t going to work. And deal with the
fact that it will take some of my time which is a scarce resource.” David

When describing the innovation process engineering innovators used acronyms and
formal process definitions and maintained that the innovation process was not the same
when from working on one innovation to working on the next innovation:
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“So we like to think of [the innovation process as] 4 D’s…The DEFINE piece
which is that up front, idea piece; the DEVELOP piece which is again getting in
there and trying to create the invention and what it could be; then there’s the
DEPLOY piece which is actually getting in there and making sure you have all
the aspects ready to go. I’m missing a ‘D’. The first is DISCOVER, that’s just
looking outside so that’s giving you your base. Then you’re Defining the idea;
then you’re Developing the invention; and then you’re Deploying the business
proposition.” Carol

“We started with a 5 stage [innovation process] structure, very regimented, very
unscaleable. And our [mechanical engineering] team looked and they said ‘Gosh,
their products aren’t that complicated. This process is ridiculous.’ So we
developed this shorter process and we also took some of the rigor out of it. It still
has structure and it still has dates and times and goals but we can go as little as a
one-stage process, a 3 stage process, 4 stage process or 5 stage process. In the
one stage [innovation process] we just have a launch. In the 2 stage we drop the
design review. We have a contract concept launch. [In] the 3 stage we have the
design review. And, [in] the 5 stage we add a post project review. But it’s a
balance of time and people.” Nathan

“I don’t think there’s one path [for innovation] so that’s the complex thing. So
traditionally in academic centers we have discovery engines or places where
there’s discovery that happens and some of those discoveries are fundamental but
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sometimes when one of those discoveries has happened, it’s either so clear what
it’s impact could be or maybe the research has moved more towards sort of an
applied direction where you can see how it could impact the world then at that
point that idea can be attempted to be recognized by the outside world for
investment. So that’s one path.
Another path which is becoming more common but, is still much more immature,
is the idea that we would actually set about to solve problems and group people
together and leverage the discovery that’s going on but in a very thoughtful way
to actually come up with an optimal solution to a problem… and along the way
completely understand that need or whatever.
There’s also in medicine and I think in engineering too but it’s more common
maybe on the medical side [where we] have physicians who recognize a need and
just set off to solve [the problem]. And this may have nothing to do with their lab.
They just see something that could be changed and then they’ll work [on the
problem] and find people to help them do that.” Joseph

Engineering innovators defined the innovation process as having two distinct stages, the
front-end or discovery and development stage and back-end or implementation stage.
Specific innovations can be simple one step or complex many step processes.
Engineering innovators are often deployed in the corporate and academic worlds in the
front-end of the innovation process whereas entrepreneurs can be working both on the
front-end and back-end of the innovation process.
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4.4 Finding Three: Characteristics of the Engineering Innovator
4.4.1 Introduction
The descriptions of engineering innovator characteristics were grounded in the participant
data collected from engineering innovators. Table 3.1 contains a demographic overview
of these study contributors and Appendix D contains the persona descriptions of every
engineering innovator study participant. The in vivo words and phrases that capture the
important facets of each engineering innovator characteristic are presented along with the
participant stories or the context in which they were shared with the interviewer. There
are 19 descriptions of characteristics that are part of Model One which addresses the
research question: “What is the set of individual characteristics that enable engineers to
translate their ideas into innovations that benefit society?” Twelve of these
characteristics descriptions also are a part of Model Two along with one other
engineering innovator characteristic, User–Focused. Model two addresses the research
question: "How do these individual characteristics which enable engineers to be
innovative vary across stages of the innovation process?" Engineering innovator
characteristics are presented in the order of the number of participant who mentioned the
characteristic. Characteristics mentioned by more participants are described first and then
other characteristics are described in descending order of number of participant mentions.
The number of participant mentions of an engineering innovator characteristic are shown
in table 3.4 and the summary of characteristic definitions are shown Table 3.5.
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4.4.2 Deep Knowledge

Deep knowledge engineering innovators have depth and breadth of knowledge and
experience, and share their knowledge with others. They are engineers who have added to
their store of knowledge on a continuous basis throughout their careers. They have
accumulated breadth and depth of knowledge for a wide variety of subjects and
technologies and are interested in “virtually everything.” Deep knowledge engineering
innovators have earned the trust of their co-workers and collaborators through the sharing
of their knowledge. Accessing and sharing their knowledge plays a critical role in the
beginning stages of the innovation process and their knowledge leverages the entire
innovation process.
Deep Knowledge engineering innovators gather knowledge whenever or wherever
possible:
“They soak up whatever knowledge or information they can.” Carol
“You also have to have some knowledge base of what’s possible and what’s not
possible, and be just the voracious knowledge gatherer.” Greg

Broad experience across a spectrum of solutions is as critical to innovative behavior:
“So, having that exposure, that experience across the real broad spectrum of
solutions was really helpful. The people in my career that have been really
innovative have tended to basically [be] interested in virtually everything. And,
they’ve got something beyond what I’ll call a cocktail party level of familiarity
with subjects. They know a broad base of subjects deeply enough that it can
provide meaningful contributions and information to problem solving.” Pierre
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And the deep experience helps guide the engineering innovator:
“And based on his common sense and experience he can, it’s like playing chess,
some guys are real good. They know these moves will lead like that way, this guy
has that ability. [They have] experience, which I call clairvoyance, experience
and analytical skills to choose the best of the ideas.” Ryan
“A lot of engineering is empirical, it isn’t science-based actually; it’s experiencebased.“ Bruno

An engineering innovator’s breadth or diversity of knowledge moves the engineering
innovator closer to their goal line:
“So one of the interesting things that I’ve been blessed with [is] I just interacted
with people from many walks of life, with many different skills, from working on
the plant floor, to working with consumers, to dealing with advertising. So, the
more diverse your experience and connections are, the higher odds that you’ll do
what I’ll call better innovation and better commercialization because I call it
removing the distance to your goal line.” David
“So an engineer that has a range of life experiences often is a pretty innovative
contributor or innovative person.” Jordan
An engineering innovator’s knowledge must include a strong understanding of
technologies:
“[Engineering innovators] have to have an incredibly strong understanding of
technology. [Engineering innovators] are some of your brightest when it comes to
in-depth technical knowledge in a large variety of subjects.” Ted
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Engineers, team members, and managers come to depend on the engineering innovator
and they trust their deep knowledge:
“His brain is always going and ... and you can always count on what comes out of
his mouth, and I can see why he’s their engineering fellow.” Dana

This trust, however, is earned and strengthened only over a long period of time:
“But I understood what was going on. This gave me the opportunity to apply some

of those ideas that I’d been working around for 10 years, …and that thing’s been
in production ever since. 20-some years now, and it [has] had different issues
over the years, and every time I get pulled back into it.” Toni
“You had to be strong technically. You had to be in a position where people
trusted you; trusted your technical judgment. Early on in my career I was walking
across the campus with a guy who was senior to me, and [he] basically told me,
“You can’t be a bullshit artist around here. If you’re going to do something, you
know, if you’re going to take on a responsibility you need to do it. You can’t
bullshit your way through it.” So that was a given, a foundation [of
knowledge].You have to have deep content knowledge in your particular area of
interest.” Edward
Deep knowledge is also critical to the beginning or discovery phase of the innovation
process:
“Start with discovery. If you haven’t done a lot of outside work, if you don’t
understand your end user, if you don’t understand your customer, [if] you don’t
understand the market, [if] you don’t understand the domain, [if] you don’t have
a broad raft of experience in the domain, those are all inhibitors [to innovation].
And the opposite of that [situation are] enablers [of innovation]. So you want a
lot of outside looking. You want a lot of breadth. You want a lot of people [with]
knowledge and experience to be as robust as possible in discovery.” Carol
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In answer to the interviewer’s question: “What are the people like who are really good at
the beginning phase of the [innovation] process?” engineering innovators responded:
“Somebody who is really creating lots of discovery – are successful at discovery –
these are people with tremendous amounts of depth within their area.” Joseph
“I don’t know exactly how to explain it, I consider myself to be good at having
good technical hunches. When you have this really fuzzy ill-defined collection of
information and data multiple piles of those, being able to pick which one of those
is likely to succeed and make money. …so, what causes somebody to be able to
have good hunches: broad experiences, broad exposure.” Pierre

“You rely on your knowledge of a vast array of, in my case, technologies and so
forth, to combine those together to solve the problem.” Ted

An engineering innovator with deep knowledge is viewed like a library full of ideas,
knowledge and wisdom by their colleagues and teammates.

4.4.3 Active Learner/Curious
An Active Learner engineering innovator asks lots of questions, is naturally curious,
welcomes corrections and is eager and willing to learn. Their love of learning has
persisted throughout their careers. They learn from others, through their work and life
experiences and they welcome correction. In the beginning stages of the innovation
process their inquiring minds and inquisitiveness are crucial as they are constantly
wondering “why this couldn’t be done better?” They are always looking at how things
could work better. Their curiosity and love of learning is a catalyst for acquiring the deep
and broad knowledge of an engineering innovator.
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Active learning starts with an inquiring mind, a willingness to learn, a love of learning,
and an innate curiosity:

“All the people I know who are really good innovators are inquisitive, constantly
seeking new ways to do it better.” Doris

“My experience of dealing with them, no matter what, has been that they [have]
an inquiring mind.” Peter

“[You had] to prove yourself; always prove yourself, that you were capable, that
you had this broad educational foundation. And then this willingness to learn,
natural curiosity.” Edward

“I think curiosity is almost the root of the hypothesis. So you have to wonder
enough why this couldn’t be done better, curiosity is one thing.” Ian

“I’m always questioning things and looking at how processes or things work and
thinking about how they could work better. I think I’m curious, naturally
curious.” Greg

“I fell in love with learning at that point. And from then on it was all downhill for
me. Grades shot up to the top. I loved education. I loved the English language.”
Pierre
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Being willing to learn from others, understanding you have much to learn, and seizing
opportunities to learn are keys to active learning for an engineering innovator:

“I don’t see innovators as people that tend to be arrogant. I see them as being
very curious and eager to learn, eager to be taught, that they welcome correction.
They’re eager to learn from others.” Richard

“One of my tests [is], ‘here’s a book, Crossing the Chasm, read this and let’s talk
again.’ And the test I do is if they follow through on doing that, reading relatively
quickly, then we’re able to have an engaged conversation around some of the
concepts [and] that points out to me [that] you’ve got a serious learner who’s
willing to change some habits. Cause an innovator has habits just like everybody
else does, but [engineering] innovators are willing to crack those habits.” David

“I think another attribute of people that are innovators; they feel they can learn
and get better at it. They have this sense that-I’m not as good as I’d like to be; I
haven’t made it yet; I can get better at it; I can learn to be better.” Richard

“You have to have a certain level of intelligence or education, maybe those aren’t
the same, to be able to have a love of learning so that you can, again, recognize
when an opportunity is there for you [to learn] and be ready to seize on that
opportunity, to jump at it.” Edward
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Asking questions is another attribute of the active learner:
“A healthy dose of curiosity is also really valuable because you’ve got to be
willing to not just assume something they’re doing but say, “Hmm, why are you
doing that?” And be willing to ask those questions ‘cause that’s often how we get
a lot of the information that we wouldn’t have gotten otherwise.” Riley
“One of the questions I always ask myself doing things is, ‘What have others
missed? and ask the question, Why? Why? Why? Why? Why?’ ” Ted
“I think they need to ask a lot of questions and form their own judgments.” Ian

The life experiences and the acquired knowledge of the active learner shape their
innovation skills and their ability to ask probing questions:

“I am a strong proponent that experience matters. Life experience and
knowledge matter whether you are a high school graduate or a Ph.D. or an
M.D./Ph.D. It’s just how you obtained your knowledge. I think experience trumps
books in a lot of cases. So, I would take a machinist who spent his life on the
floor of a Toyota processing plant who is inquisitive and who made changes to
equipment to get better efficiencies over an M.B.A. from Harvard who just
graduated and has only ever read books any day of the week. Any day.” Doris

“I would generally say one indicator of innovation [potential] for engineers is the
range of experience that they have.” Jordan
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“Some of the most innovative people I’ve known have virtually no education.
There’s one guy in particular that grew up in a ghetto and every morning he was
faced with survival. And so he got clever about how to survive on the street. And
that cleverness kind of translated over into designing products. His way of
looking at things was just unique. He used to come up with simple but very, very
elegant solutions to problems.” Pierre

Curiosity and inquisitiveness drive discovery at the beginning of the innovation process.

In answer to the interviewer’s question; “What are the people like who are good at the
beginning phase of the [innovation] process?” Engineering innovators responded:

“They’re curious mostly. I think they’re ambitious intellectually. Intellectual
curiosity is probably central to that [part of the] innovation process. Right.
Ambitious intellectually. [They] want to discover.” Bruno

“Whereas in the front end [of the innovation process], if you’re a jerk doors are
going to close left and right. I mean the whole thing about [the] front end is
getting in the door and asking the questions.” Doris

“The best ones tend to not have preconceived ideas or perception of how things
should go. They tend to be pretty prolific readers. The most innovative people
that I have in the up-front part of the [innovation] process are guys that are really
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well read. [They] tend to look at the Internet a lot [and] kind of see what’s going
on out in the world. It‘s not a structured methodology to do that, they just
naturally do it. It’s part of their DNA to keep abreast in their fields.” Nathan

“I think watching first, forming some hypotheses, then asking questions, “I think
that this would be helpful to you. Would this be helpful to you?” Go back, watch
again. “I think this would be helpful.” [Asking] probing questions.” Doris
“People who are successful at the front end read and enjoy reading and read
quickly. I don’t think people who are successful at the front end need to know
calculus, or how physics works. Very often I’ve worked with front-end people
who have no idea how physics works because half of it is suspending belief in
gravity. So some really, really good front end innovators are people who really
have no concept of maybe how friction works against two sliding surfaces; they
just had a vision; wouldn’t it be great if those things could fly.” Doris

Active learner engineering innovators never stop learning or asking questions.

4.4.4 Vision/Caring
Engineering innovators are characterized by vision and caring and think about future
needs 5 and 10 years out not just current problems. They want to make a contribution to
society. And they care about how their innovation activities impact others. They are
humble about how much they know about problems and potential solutions. Having
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insights about how the future may unfold and how that vision contributes to an
innovation is important in the beginning stages of innovation.
Engineering innovators have a vision of what they want to accomplish. They are driven
to achieve this vision:
“They’re forward thinking. They live in the future and that may be frustrating to
those who want them to live in the present... but their heads are in the future.”
Dana

“Even the great Steve Jobs, a very abrasive individual, he had vision and he
realized that market research wasn’t going to help in that area. He had a good
idea. He was very innovative. And what drove him? He just had a vision, a
vision he wanted to follow.” Ryan

“The ability to imagine what could be versus saying what is; the vision to see
what should happen 5 years from now versus what happens today. They’re very
much able to define: ‘What if? They don’t have to see it. They can just define it
and they can envision it. I think they’re visionary, they’re goal oriented but yet
they’re very willing to change their vision based on what they learn or based on
what they translate.” Carol
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Having a goal as a part of their vision is an important factor for the engineering
innovator. Driving toward a goal is viewed as a strategy that helps engineering innovators
realize their vision:

“I think you really have to have a goal in mind. You have a goal in mind where
you need to get to and you start with where you are now and look at what you
have and you bridge that gap.” Peter

“I’m convinced with goals you can achieve amazing things. You have to have a
goal and I think that’s it.” Joseph

“In the ideal world you have this vision …and a commitment to this vision that
says 10 years from now this is where we’re going to be. [That is the] goal.” Ted

“We identify the ideal. It’s as far out as we can see into the future and we have
some underlying strategies as to how to get people to do that.” Tarik

The non-innovator is also identified as thinking short term or acting arrogant about their
vision or negative about another’s vision:

“How innovative can I be if my timeframe for [innovation] is three months?” Ted
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“[Innovators are] those that recognize that they don’t know everything.
[Innovators are] folks who are honest and humble in their technical skills and
[know that they] don’t know it all. I’ve come across some arrogant people and
they were handcuffed by their arrogance.” Edward

Part of the vision of an engineering innovator includes making a contribution to society,
making a difference, not just implementing their innovation. In the beginning stages of
the innovation process an engineering innovators’ motivation to help others provides
energy to their innovation process.

“[Innovators] want to make impacts. They want to change the world somehow.
They get value out of that.” Ian

“We have shared values. The shared value that we have that’s most important is
that we’re interested in creating things with our knowledge that relate to
technology and it’s used for the good of people.” Bruno

“I like to see things happen. I really want to make a difference. I like to help
people. I see innovation as a way to really go to a win-win [situation] to help a
large set of people. So, in my case, that’s my motivation.” Jordan

“But we look at problems which when solved provide help in some fashion [to]
society. [When] the Hoover Dam was built engineering innovation was huge. All
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the diversion tunnels, the size and scale, the how do you get the concrete to cure
without burning itself up in those masses, and to cool it. All that innovation came
from the necessity to capture the Colorado River. It is essential for there to be
good coming from the solution to the problem.” Bruno

“People that are innovative are generally inspired and motivated to improve the
system. Sometimes they are motivated by altruism….Generally they’re motivated
to make a difference.“ Jordan

“And that’s another quality of innovation, you have to be out for the broader
good rather than to enhance your own individual self or individual career.” Dana

“They’re clairvoyant, Unprejudiced, Childlike in their thinking, Very selfless.
That’s because if you think you know it all, then you’re going to be protecting
your solution when something more obvious might come along.” Ryan

Having a vision of something that makes a difference to the welfare of society or the
community where they live or work sets an engineering innovator on the path to achieve
that vision.

4.4.5 Team Manager/Leader
An engineering innovator who is a Team manager/Leader creates a shared direction that
other people adopt and work together to make it happen. In order to innovate they
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facilitate and drive an innovation process, working with and through a team of people.
Leveraging a team contribution is important in all stages of the innovation process.

Forming and directing a team is seen as a necessary part of the innovation process:

“My conclusion about successful innovators is [innovation] is a contact sport.
It’s a team effort. You may not know at the start of your journey who the team
members are, but, basically you’re signing up to solve another problem, even if
t’s your own, that entails onboarding at least one other person, typically many
other people depending on the nature [of the problem].” David

“We work together in teams because you can always learn from the other person.
There’s strengths that each of us had. Like Thomas Edison’s comment, we can
always synergize and get more out of the whole [than] as a sum of the individual
parts. I don’t see generally today with complex devices that innovation is done by
individuals alone. They’re usually part of a team, working together to make it
happen.” Richard

“My skewed view of the world is that innovation springs forth out of relationships
and therefore [what] you see [here is] a whole company that’s built on a
structure of building relationships among human beings so that together as a
team, as a tribe if you will, almost a cult, we’ve created this team [to solve
problems].” Riley

91
“I think of Henry Ford. His mission statement in 1908 as he brought out the
Model T Ford was to create a vehicle that would be so inexpensive and so
reliable, so easy to work on, and so affordable that everyone could have one. And
so his whole motivation was to create a vehicle that he could decrease in price
every year. And, he [attracted] a group of people around him that could buy into
and implement this vision.” Richard.

Adding resources to your innovation efforts is a necessary step in the innovation process:

“I need the management to say- I’m going to give you the time and the money to
do that, to have these guys do it. And these guys are supplying the information for
me. I can’t do everything myself. We are not able to do everything ourselves.”
Ted

“The concept of innovation, no human by themselves is brilliant enough to think
of everything. And so, this is when you need one, bring two.” Dana

“I think highly innovative people try at some level to get help solving the
problem.” David

“You find out that working with other people is much more enjoyable, that [you]
can leverage not only their talents but some of their energy.” Aubrey
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The nature of your leadership is a determinate in how effectively you recruit and sustain
your innovation team and what the team accomplishes:

“2002 and 2003 were the safest two years in our history. And, I will say that that
was due to a lot of my doin’. And, I had a lotta’ people helping me and a lotta’
people did good work, but I was the one pushing that pill.” Dana

“You’ve got to have a shared direction where people will adopt the idea that may
not necessarily have come from their mouth and then work together to make it
happen.” Ryan

“Colin Powell had a great differentiation between managers and leaders. He
said, in his book My American Journey, “Each are given two tools. Managers by
virtue of their position in the organization can give orders and then bring
consequences to bear if those orders aren’t followed. And leaders have the tools
of influence and inspiration. They don’t have that authority to be able to threaten
somebody. All you have is the ability to inspire and influence. And so I think
innovative people tend to be more his definition of leaders than they are
managers.” Pierre

“Right now [in one of] our groups, there’s a movement. There’s a vision, and a
mission, and a movement…. and we are saving lives. … and we are trustworthy.
… and we are knowledgeable. ... and so it’s kind of like a big pep rally. I think
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that’s very effective and helpful. They’re not saying how to do anything. They’re
just saying we’re all together going to do this. Everybody is in the same boat.”
Doris

“Our team members didn’t know this shouldn’t be doable so we went and did it. I
was born that way. You basically create opportunities for people to apply
themselves and get exposed to things that sound bigger than what you normally
could do and basically [this example] shows you any problem is solvable, just
give it enough time and resource.” David

In the front end of innovation you need to recruit and work with a multifaceted set of
team skills:

“The biggest inhibitor to front-end development is a lack of new product
marketers, ‘cause you need both. You need the business people and you need the
technical people, and they need to work together and you need both sides of that
coin.” Doris

“[Innovators] have the ability to work well with others in other disciplines.”
“[Innovators] attract others and they surround themselves with lots of other
talented people. Because of that success, that breeds further success with funding
and other things, because you need funding for these engines of discovery to be
able to do what they can do.” Joseph
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“I am a starter. And I know very clearly that I would never be successful in this
kind of a world [of innovation] if I didn’t surround myself with a bunch of really
capable finishers.” Pierre

For the back end stages of innovation, teams with specific skills are required:

“In general [for] a development opportunity [where it’s] going to take help for
me to be innovative and pull in whatever that skill or two is that I don’t have, I
need to recognize the gaps that I need to understand around this problem or
technology and ask people for help.” David

“Any one engineer cannot solve all the problems. It’s an incredibly complex
system, every piece really has to work right. And so you rely on others to do their
job and to do their thing. And, when you’re ready to do your thing, you have to
do your thing. You have certain things that you’re responsible for and have to
execute. People [are] trusting you to execute.” Edward

“Basically it takes somebody that’s win- win and usually optimism helps with
win-win and somebody that’s open and transparent about what the barriers are
and yet inspires people to work together to overcome barriers.” Jordan

“But the [team] leader’s going to be a generalist kind who can move everyone
together, task oriented, like driving to schedules, isn’t shy at all, can confront
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upper management when there’s issues. And you need someone who can speak to
upper management.” Nathan

An engineering innovator who is a Team Manager/Leader is like a coach and general
manager of a professional sports’ team: they must attract, direct and motivate the
individuals that the team needs to win/innovate in their context.
4.4.6 Risk Taker
An engineering innovator Risk Taker is willing to take chances, isn’t afraid to fail and
seeks out and welcomes correction so that they can improve their own abilities or
knowledge. The context in which an engineering innovator works also influences their
attitude towards risk taking with a supportive context encouraging more risk taking.
Taking risks for an engineering innovator is a way to accelerate their learning but many
engineers are afraid to fail and work to mitigate or accept less risk. An engineering
innovator’s willingness to take risks is important in the beginning and middle stages of
the innovation process.

A risk taker accepts failure, uses it as a way to learn and does it more often if their work
context is supportive of learning from failure:

“Innovators in my mind fail often early so they can succeed sooner. They’re not
afraid of failure in terms of trying something and seeing if it works; or if part of it
works, or if a portion of it works. And then they’ll try some other thing. But
they’re not afraid to learn from something that didn’t quite work as they thought

96
but part of it did work. So, they move forward with that. So that’s another
attribute that I see innovators have is that they’re willing and not afraid [to] fail
often and early so they can succeed sooner. I think that’s an important thing.”
Richard

“[He had] just a total lack of fear of not knowing how to do something. He would
go after it and pursue those things. And he would have fun with it. I think that’s
the way his mind worked, to see the humor in situations, and go off on a bizarre
tangent just for the fun of it and then come back [and say]: Here’s what we really
have to address, and figure out what’s going on.” Toni

The culture or context in which the innovator works has influence over their willingness
to take on risk of failure:

“Well the biggest sign in the room is, “Make mistakes faster.” And the idea is to
remove fear [of failure].” Riley

“I think the ideal situation [for innovation] is this whole fear of failure has got to
be gone. The ideal thing is that whoever’s employing you realizes that failure can
be a success, or realizes that you learn more from your failures than your
successes.” Ted
“A whole other angle to this is [some] environments and cultures will support
those people who are innovative. The same person can be more innovative in a
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culture which will be forgiving of certain types of mistakes versus another culture
which will not forgive that type of mistake.” Ian

“[Innovating] runs counter to the culture of, “I want to go and work for that big
safe company,” and the real gap is the ecosystem that exists to make it easy to put
a team together and take whatever their innovative idea is and grow it and at
worst case fail fast. So failure becomes a learning process. ‘Cause failure, if you
do it fast, is in my experience a positive not a negative. ‘Cause I’ve learned [that]
this particular kind of situation or problem didn’t work. The faster I do that,
[then] I’ve got a potential of reworking it and solving it even better.” David

“Innovators seem to be quite comfortable saying, “Yes,” to things that they don’t
know are necessarily going to work. I think this comes down to your perspective
on risk because some people spend a lot more time worrying about how not to
have risk in their life. Not that the goal is to forgive a mistake; it’s that when the
intention was good, that you can go back to the intention and you can understand
why the mistake happened. And the culture would say, “Okay, let’s try something
different.” They just understand that these experiments are the way that the
process works.” Ian

Some engineers are not as accepting of risk or correction as engineering innovators:
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“You have a lot of people that are so afraid of failure. We say if 10% of the
things that we work on are ever come to market, that’s a good rate. That’s a
good percentage. So that’s the problem with working early on with people who
start putting all these constraints on [the idea].” Ted

“We had one of our champions, a defense contractor, do some internal research
and he identified 3 reasons that engineers don’t ask for help. We added a 4th one.
[1] Their problem is too simple. They don’t need any help but it’s not being
solved. [2] Their problem’s too hard. No one could help them. It’s not being
solved and they won’t ask in any of these cases. [3] Ego, leave me alone. I will
get it, sooner or later. And the 4th one is embarrassment. ‘I was hired to do the
job. I shouldn’t have to ask for help.’” Tarik

A risk taker also understands that feedback on your mistakes or the challenges that you
face in life are an important part of your learning process and they seek out that feedback
from others and learn from life’s challenges:

“And the first attribute [of innovators] is that great learners welcome correction.
They look forward to the red marks on the paper. They write an essay and they
don’t have so much of their ego involved that they are [not] welcoming
correction. Or they welcome ways from others to make it better. They welcome
correction. They look forward to it because they sense they can get better at what
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they’re trying to do if they seek input from others. So they’re trying to get rid of
pride, the best innovators.” Richard

“You have to want to be proven wrong. You want to get the young kids to tell you
[that you are] wrong. And, you’ve got to let someone else have the steering wheel.
It’s a little bit of a balance between providing direction and letting some other
people get the steering wheel. ‘Cause no one person can do everything. Einstein
[developed the] theory of relativity because a lot of smart people before him
helped him along. He brought it one inch.” Ryan

“The other trait [for innovators] that seemed to be common was people’s
response through their life to adversity. I always like to think that there are two
kinds of people in the world: those that are crushed by criticism and adversity;
and those that are energized by it. And, unfortunately they overlying majority of
people are in the first camp, they’re crushed and not energized. I happen to be
one of those that are [energized]. I use [as an example] my Vietnam experience.
If I actually had a choice I would never do that again in a million years. But, by
the same token, as strange as this may sound, I wouldn’t give up that experience
for all the money in the world because it basically shaped my perspective on life.
It shaped my perspective on what constitutes a problem and what doesn’t
constitute a problem.” Pierre
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Taking risk and learning from failures are learning strategies employed by engineering
innovators. Cultures that support this engineering innovator behavior and these types of
decisions and results encourage and support engineering innovator risk takers.

4.4.7 Networker/Team Player
A Networker/Team Player engineering innovator has and uses a network of collaborators
who have deep knowledge. They know they don’t have all the knowledge and skill
required to solve a problem or address a user need and that they need to collaborate with
other people to innovate. They form wide ranging networks with other engineering
innovators with deep knowledge that provide ideas, information and resources for their
innovation initiatives. They grow and sustain their networks by sharing their own
knowledge and expertise with the other participants in their network. Accessing an
engineering innovator’s network is an important step in the beginning stages of an
innovation process.

Collaboration and trust are primary building blocks of an engineering innovator’s
network:

“They’re collaborative. They don’t assume that they have all the answers.
They’re able to draw their ideas from a wide range of sources.” Riley
“They’re very collaborative. They work with whoever and whatever and the
‘who’ doesn’t matter. The source doesn’t matter. [They are able] to be flexible
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and collaborate with others and create a proposition that is not just based on
their own advancement or their own agenda.” Carol

“You have to tap into other areas. You have to have a fairly well connected
network, or at least be willing to develop that network. The network supports
you... they give you ideas … maybe I need four different areas that I have to
combine. So, I’ve got to integrate things from four different areas. They have the
knowledge that that connects you to that solution.” Ted

“I find you get richer products from collaboration. My idea’s never the best idea.
My idea plus the handle that someone else added is always the best idea.” Doris
“If people feel safe they begin to trust one another. As they begin to trust one
another they begin to collaborate with one another. And if they collaborate
effectively and they get the right environment, then all of a sudden innovation
spring[s] forth.” Riley

To be successful in innovation engineering innovators understand that they need to solicit
and accept ideas regarding innovations from others in their network as well as ideas about
their own ability to be innovative and act on those ideas:

“They look forward to [feedback from their network contacts] because they sense
they can get better at what they’re trying to do if they seek input from others.
They’re eager to learn from others.” Richard
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“They are ... eager for feedback and able to take feedback and input from a
variety of sources. They don’t feel like they have all the answers. And they
actively seek ideas from others to just kind of [validate] what they’re thinking.”
Greg

“They’re really willing to take in advice, and feedback, and ideas, and then they
don’t just take them, they try to go do them. So if somebody says, ‘You should talk
less. I’m here to tell you it’s inhibiting your ability to innovate. You need to talk
less and listen more.’ Then you go read a book on how to listen better and you
try to apply those techniques because all you want is the outcome. You just you
want those relationships. You want to be a good innovator. You want to invent
things. So, you’re willing to change yourself to try to get to the outcome.” Doris

Engineering innovators also need the people skills to function effectively with their
collaborators when building or sustaining their networks:

“You generally look for people who can get along with other people… at least at
some level. Or at least have people on the team that help the team function
cohesively.” Jordan

“I like to work with others. I like to think alone a lot but I fundamentally believe
that to solve the complex problems … you have to work with multiple people and
get different views of the same problem.” Joseph
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“If you have good relationships with people, you’re in situations where you can
say like, ‘What about that knob? Do we turn that knob?’ But in general
everybody has their buckets that they live in, and that they’re good at, and that
they get promoted for doing well. I’ve yet to meet a really good friend and debater
who’s abrasive, judgmental, rude. I mean those people don’t make good frontend innovators.” Doris

People in an engineering innovator’s network are called upon for resources and support
for pursuing an innovation:
“Leveraging others, making sure that as we look to solve any problem we’re not
just looking at our own capabilities but being flexible to work with whoever it
might take to get it done.” Carol

“But, if you can’t follow through and do what you say you’re going to do, then no
innovation will ever see the light of day. I come up with crazy ideas all the time.
But, I couch them in, is it doable? Is it feasible? Can it be done? …and then,
knowing that I can’t do it all myself, partnering up with others who can help drive
the idea forward.” Edward

“It’s important to be very soft up front with an idea that may not be proven out
completely and then communicate and convince people to try it with you. It
doesn’t help to force them to do something. You have to [commit] as a community
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in order for [innovations] to be successful, you have to convince others to go
along the path with you. That’s the only way to be successful.” Aubrey

“I actually think it takes a village to raise an innovator.” David

An engineering innovator’s collaboration activities within their network are critical to the
survival of an innovation at that stage of the innovation process:

“Openness and collaboration, you know, taking ideas from everywhere… most
people do … that in discovery [the beginning phase of innovation]. …looking
broadly at what could be and asking many people so that you get the breadth of
their education, their experiences, their personalities, their community.” Carol

“I do a lot of internal teaching. I do a lot of internal committees and groups because I’ve
found … the most powerful way to be an effective [innovator] is to know everyone and
what they’re working on. So, I have a very large toolbox of people, and materials, and
problems that have been solved so that when I run across those things I’m like “Ha! I
need to talk to Bob. He knows exactly what this is about and he can help me.” Doris

Engineering innovators also describe their use of their network as a differentiating factor
for their innovative abilities compared to non-innovators:
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“When you have an idea you want to form a partnership to make it happen, that
enables things. Because you can’t just do [innovations] by yourself…it’s not
going to happen if you try to be a Lone Ranger.” Aubrey

A small percentage of us maintain a network that is highly diverse. A trait that
most people have, 99% of the world, is we like hanging out with people who are
kind of like us. And to be a successful innovator … [you need to have] a [diverse]
network of people, so if I’m a technical person, knowing sales people, knowing
marketing people, knowing attorneys, knowing financial people, that’s not a
comfort zone for many technical people.” David

Networking with other engineering innovators is a strategy employed by
engineering innovators. Their ability to work well with others enables them to expand
their knowledge base to include information provided by other engineering innovators in
their network. They also engage their network to support their innovations with resources
as well as information.

4.4.8 Challenger
An engineering innovator challenger is willing to do things differently and is a challenger
of the status quo. They do not always accept current development or production rules,
processes or strategies. They question the way processes work or products are designed
and built. Some people perceive this questioning as irreverent and disruptive. Nonchallengers like rules and repetitiveness and resist changing the way processes work. The
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engineering innovator challenger’s attitude towards the current paradigm is a catalyst in
the beginning stages of innovation and requires courage by the engineering innovator to
deviate from their community norms.

Challengers are ‘in your face’ questioning the way things work and making it
uncomfortable for those who like rules and orderly non-changing processes:

“This [is] a person who when you say, Do A, they say, ‘Why? Why should I do
A? Why is that so important?’ I mean, they’ll push on everything. And, ‘Isn’t
somebody else doing A? Or, they’re doing B, why don’t I help them.’ And, they
like to deviate from the norm. They get some satisfaction out of not doing it just
the way it was done before. I think something is like eating at them [that] says,
‘There must be a better way.’ You know, they just look at something and they say,
‘Yeah, it could be better. I’m just unhappy with it for whatever reason.’ “ Ian

“He goes ‘You know, I think this is all wrong. We’ve just got to take the Apple
approach to this.’ And they said ‘What do you mean?’ and he really thought the
whole approach was wrong. He had a whole different [approach] in his head.
And that’s what he does with his team and then all of a sudden he’ll go off the
wall [and say] ’I think you’re doing it the wrong way. Let’s do it this way.’ But
he’s just a 90 degree thinker. He comes in totally to the contrary to what
everyone else is doing and he really stirs them up.” Nathan
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“And this is the other thing, they’re not afraid of pissing people off. In fact they
may even enjoy thumbing their nose at ‘the system.’ The people that I’m thinking
about are brave. They’re fun to be around. They have a touch of what I call,
‘bad.’ But I mean bad meaning good if you know what I mean. They’re just bad
people. They’re just fun people. They’re irreverent to the status quo. That’s
probably the biggest tie between them. ‘Cause they push you to think and they
push themselves; better yet they push themselves which [means] then you push
yourself. They push themselves to think differently about problems.” Dana
“They’re never satisfied. They’re people that are always unsatisfied with the way
things are. Where some of us can get very much into a routine and we get so
routine about it that we forget about all the discomfort or all the things we don’t
recognize; these are people that it bothers them. You oftentimes you find people
who that are really innovative are people that are more inclined to ask for
forgiveness than permission. And, that’s okay with me to a degree.” Joseph

“They have a tendency to suggest things that are different and come to the table,
come to meetings, whatever the context is [where] they clearly don’t embrace the
same old same old. They demonstrate that they can think a little bit differently and
[have] fresh ideas on whatever it is. They always seem to come to the table
regardless of the problem, with some interesting thought processes.” Peter

To challenge the established way of doing something requires confidence and courage:
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“Once you know what to do it takes courage to actually do it. ‘Cause it’s often
flying in the face of common sense, or what other people in influential positions
really want to do. So, you’ve gotta’ have that courage.” Pierre

“Because you’re telling them that you should do something crazy probably.
You’re telling them we should enter an area where we’ve never been. We should
take the product that we’re making today and throw it away and make this one
instead. Who knows what you’re telling them but it’s probably not we should
keep doing exactly what we’ve been doing all this time and make it purple.” Doris

Some engineers prefer the repetitive and don’t challenge the existing order. The current
way of designing or building the product or process is what they prefer not to change.
They don’t accept any increases in risks of failure or changes to the way the process is
done now:

“Engineering innovators tend to be oddballs and I mean that in a good way.
They’re very different than the engineers around them. The problem is they’re
having trouble finding an audience to share it with, because a lot of engineers are
just there to do their job. They get a paycheck. They’ve got a list of tasks they
have to do. They’re doing a job.” Tarik

“Think [of] a person that’s dead set in their ways. They think this is the way it’s
been done. It’s always been done this way. They tend to be older because they’ve
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always done it that way. They’ve been regimented. [If] you go back to the 1970’s
that’s the way business was run. There was a ‘This is the way it’s done,’ topdown. [There was a] guy who comes and tells you what to do.” Peter

Challengers are confrontational and take positions opposite conventional wisdom. They
prefer change and the creation of a new paradigm to continuing to do what has been done
in the past and they have the courage to expose their ideas to criticism from within their
community.

4.4.9 Communications Skilled
A Communications Skilled engineering innovator is extroverted and knows how to sell
ideas. They sell the innovation to all stakeholders to obtain the support and resources
needed to move the innovation forward. Many different ways to provide data and
communicate about an innovation are used by engineering innovators from creating
prototypes to storytelling. Using their communication skills is an important engineering
innovator characteristic throughout the innovation process and is particularly important in
the middle stages of the innovation process.

Communication skills are an important characteristic of an engineering innovator:
“They’re engineers who are more than engineers. They are sort of your nontypical engineer, [engineers] that [have] not only strong depth but are gifted in
terms of communicating their ideas.” Edward
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“So [as an innovator] you have to be [an extrovert] I’m an extrovert clearly,
that’s an important [part] of [the] front-end [of innovation] for me.” Doris

“Inside the corporation [engineering innovators] are the oddball in the group.
They’re different. They tend to be the people who like to go out and speak and
share and present.” Tarik

“So when I’m doing the public face stuff I’m out in the community, I’m having
coffee, I’m giving talks, and speaking across the nation on what we’re doing.”
Riley

“I think [they are] people that are able to flesh it out, make it come to life,
storytellers. Storytelling is very important. People who can bring what they saw
in the field to life for someone [are innovators]. That’s critical if you want to
advocate for your idea; if you want to bring people along with you.” Doris

“I had a consultant come in and have a look at our [innovation] process and he
said, ‘Well, you need a bunch of knife fighters in here.’, because we’re matrixed
in. We don’t have dedicated teams in most cases so they’re knife fighters. They’re
fighting for the resources, fighting to get their projects done. So they have to be
pretty aggressive individuals to be successful. They’re extra extroverts, not
introverts. I’d say that’s 100% true [for] the successful ones because they’ve got
to be good communicators.” Nathan
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Engineering innovators craft their communications and sell their innovation in a way that
gets them the support, approvals and resources that they need to move their innovation

“They’ve got to rally other people around them and the idea, and sell the idea.
Document the idea in a way that enables the usefulness of it, the value of it to be
seen by others. And sell the idea to those that have resources that would enable
them to take it to the next step further. The only way they’re going to build it is to
get some money from the company [or the market] to build it. And [so] he’s gotta’
get people to buy in to the idea.” Richard

“As an innovator you have to find your champions. So, you have to sell it to your
champions. These champions are the ones that know how to get the work done;
have the connections to protect you a little bit, but also get you the resources that
you need. So you’re going to need labor and money. And those champions are
the people that get you that labor and the money.” Ted

“And so there [were] gurus on [the R&D] campus, the old grey beards. You had
to go to them or go before them and present your ideas, and convince them that
what you were doing was the right thing to do.” Edward
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‘It’s always a struggle of mine to communicate well, and establish rapport, and
trust with engineers because they tend to lack trust if they can’t see black and
white. So, it’s important to be effective [and] communicate and [be] convincing
[to] people to try it with you.” Aubrey

“Often it take[s] a person who communicates very well [and] who can inspire
other people to move in a different direction. Even [from] an engineering
standpoint often it takes somebody who can inspire enthusiasm among other
people. Sometimes in advanced technology it especially takes that because there’s
so much distraction involved in the technology itself you need to inspire people to
[make] those innovative improvements or changes.” Jacob

As the innovator takes the innovation outside their immediate context or organization
seeking approval or support, communication skills become an important factor in
obtaining external support for the innovation:

[In the development stage] they have to be able to effectively communicate their
ideas into the ways that [investors will understand]. The investment community is
very sophisticated but you still have to be able to effectively communicate the
value of your discovery to them. In other words, if you can’t get up and stand in
front of a group of investors [and] have them understand you then you’re not
going to be much help in raising money for the idea.” Joseph
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I think they’re different maybe in the sense that the latter stage requires much
better communication, or a much better ability to relate to other people and
understand where other people are, the customers if you will, or the user that
you’re trying to engage. Sort of meet them where they are, [know] what their
needs are and how whatever the idea or device or whatever that you’ve developed
can meet those needs and be able to communicate it.” Greg

Engineering innovators use many different forms or methods to communicate the value
of their innovation to potential stakeholders or customers:
“You have to be able to communicate the intention of the idea and what it’s going
to be useful for. You certainly have to be a good communicator both verbally and
in the written form, and whatever forms [of communication that] might come up.”
Greg

“So maybe they’re going to go back and do a PowerPoint ‘cause they want to
prove it to you with data. ‘I saw this 17 times, I asked these questions, I have
confirmed this is where we should be headed.’ And some people go back to the
lab and they whip up a prototype and they say, ‘I saw this a whole bunch of times
and I think this is going to be the solution.’ And some people just call and talk to
you. They’ll just say, ‘I saw this thing. Do you think this is a thing?’ Like they’re
checking, ‘Would you come watch this thing with me and see if I’m crazy ‘ Or, if
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it’s a team you might say, ‘Have you seen this thing? I’ve seen this thing a whole
bunch of times, have you seen it?’ ” Doris

“I wanted to advance the state of the idea, so it’s almost like a little bit of a
marketing thing. You could take it to the point where anybody could look at it
and say, ‘Hey, that has possibilities,’ as opposed to just trying to tell somebody
and convince them. I never felt like I had much luck just telling someone about it.
But, if I could show them [a prototype or a model then I might] get it to the point
where someone is gonna’ pick it up and help me run with it.” Toni

The communication skills of the engineering innovator are the glue that connects the
innovation to the resources needed to help move the innovation through the stages of the
innovation process. Engineering innovators use their communication skills in many
different ways to successfully communicate about the innovation.

4.4.10 Alternatives Seeker
An Alternatives Seeker thinks and looks beyond what they know. They have faith that a
better way of executing a process or designing or making a product can be found, so they
search for that ‘better way’. The better way is also defined in terms of the business and
technical strategy of the organization or the context in which the innovation will exist.
Finding alternatives to the current design of a product or process is an important step in
the beginning stages of an innovation process.
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Engineering innovators believe that the search for alternatives requires faith that you will
succeed and persistence and flexibility in the investigation to identify a different design
or to find new ways to build and service a product or process. The search of alternative
seekers was also described as looking for non-obvious ideas, looking broadly and
accessing all possible data sources and looking outside-the-box of your current context
for ‘better ways’:

“Innovators in my mind have this [faith] that there’s got to be a way to solve this
[problem]; there’s gotta’ be a better way and I’m going to persist until I find a
number of ways. They’re willing to search internally. They’re willing to search
externally. They seek information from others. They review patents. They
benchmark. They’ll go to a hardware store. They’ll go look for ideas from
others. They’re not ashamed to identify ways [that] might be adapted from
what’s already existing in another setting. And then, evaluate them to see which
one might be the most appropriate.” Richard

“I think champions realize [that] you have to do something different; that you
can’t keep doing business the way you’ve been doing it. And so they search for a
better way if you want to call it that. And then you go through the process of
saying, “Okay, How might I solve that unmet need?” As you get the work done
you need some people who know how they might modify the machines, or change
the machines, or do things differently to get you what you need to make. You have
to be adaptable too. So, in other words, this is where you start doing your risk
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mitigation, if this happens, then what? So you’ve got to be saying, ‘Okay, if we go
in and it doesn’t run on the machine, if this happens then what do we do? What
are our alternatives?’” Ted

“The biggest enabler [to the beginning of innovation] is looking broadly at what
could be and asking many people so that you get the breadth of their education,
their experiences, their personalities, their community. It’s really looking outside
for solutions. You might think you know the answer which could be limiting. It
doesn’t hurt. It takes a little bit of time but can be very valuable to look outside
and say ‘What else could be?’ before determining what is.” Carol

“Encourage people to look beyond the obvious. The key to everything [in
innovation] is looking beyond the obvious. The most creative guys are the ones
that find a way to do something fresh and find a way to do something new. Openminded and broad-minded is the biggest trait that allows them to not throw
anything out.” Peter

“You have to be open to looking at things in non-traditional ways. They call this
out-of-box thinking. I’m not sure where the box is, but that’s what some people
call it.” Greg

“Once you understand what knobs you can turn then you figure out ways that
perhaps the system that hadn’t been approached before that allows you to change
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those knobs in new ways or better ways. So that’s roughly the process. That’s a
pretty abstract description of it but I also think that innovation can occur in
almost any context.” Jordan

The ideas identified by an alternatives seeker, however, are not necessarily practical or
implementable:

“The actual work process of taking the idea or the concept application to this new
use, it’s something that I call the design process. You think about what are we
trying to achieve? How will this [idea] make it better? They’re folks, I’m going to
have to describe [what] their orientation towards life is; they see possibilities.
And another aspect of innovation [is] that at the beginning [of the innovation
process] the people who are having these [alternative] ideas are not necessarily
worried about how it’s going to get done. They’re not focused on the detail.”
Dana

Engineers who don’t seek alternatives don’t like change, don’t accept ideas from others
and don’t want to change the current design or system:

“Not wanting change I think is probably in there. [Engineers] who like it just the
way it is, not necessarily [understanding] how many things change[d] to get them
to that point which they like now. But they’re not going to push the envelope.
They’re not going to change the system.” Ian
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“[An engineering innovators is] someone that can think beyond the problem to
potential possibilities outside the realm of capabilities that they have. I think in
translation to invention [engineers] quickly think of a way to go after it but they
don’t always open up and think about alternatives that could be faster, better
cheaper. And so this idea of open innovation in the actual definition and
development phase should be very prevalent and, it’s sad to say with the amount
of NIH [not invented here] across functions, that is usually not the case.” Carol

Engineers who are successful in seeking alternatives are flexible and keep changing their
search activities or search strategies as they obtain new information:

“Early on [searching for alternatives] it’s like rock bands. [Some rock bands]
come out with a couple of good albums and then you don’t hear of them anymore.
And then [good rock bands] reinvent themselves, again and again.
The only things I saw in common with entrepreneurs is two things: One, is they
had a plan to go from here to there. But, it’s like a football player. You say, I’m
going to go here, here, here. But there’s a big guy in front of you. So you spin
and you go another way. They reconfigure. They have a basic idea of where they
want to go, a basic plan. It took them two seconds to [do] that. But, something
happens, and they spin and reconfigure, and go [a different way].” Ryan

“The next step is form a hypothesis. ‘I think that people [with] macular
degeneration would like this kind of a thing. I think that would make their lives
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easier.’ And then go out and watch and see, does your hypothesis seem to be
more working? Or I did not consider any of these six things that happen on a
regular basis. And so I think I’m going to have to change my hypothesis. I’m
going to have to change how I’m thinking about the problem. And, you do that.
You iterate that through as much time as you can take. And if you have money
then you can do it a bunch of different ways. If you don’t have money you can
also do it in [several] ways, it’s just more difficult.” Doris

“We had this team that functioned for about two years, just kicking around ideas,
running tests, analyzing the data, modifying [the design], and coming up with new
ideas. We tested several ideas. And some of our ideas [were] implemented as we
worked through issues and came up with alternative designs that [began to]
address the larger issue that we were having.” Toni

Alternative seekers are always looking for ways to improve systems, products or
processes. They adapt their search and thinking about better ways as they acquire new
data and persist in their search trying out new ideas even when those ideas are not
necessarily practical. They seek information from many sources, have faith they will find
better alternatives and believe you have to change to stay competitive.

4.4.11 Knowledge Integrator
A Knowledge Integrator engineering innovator is a lateral, non-linear or associative
thinker. They connect information from a wide range of sources to identify possible
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alternatives to the way a product or process is designed or built. They associate ‘bits and
pieces’ of seemingly unrelated knowledge or data that they have gathered and bring them
together to construct a possible improvement or an idea for a problem solution.
Knowledge Integrators are perceived as having unusual characteristics for thinking about
problems. Knowledge integration is an important factor in the beginning stages of the
innovation process.
A Knowledge Integrator was described as bringing new and unanticipated information to
the problem solving process through their associative thinking skills and the wide array
of information sources they are able to access:

“[Knowledge Integrators] don’t assume that they have all the answers. They’re
able to draw their ideas from a wide range of sources. [They do] what Frans
Johansson describes in his book, The Medici Effect’, about grabbing two
seemingly unrelated things, putting them together and coming up with a third
[idea] that is surprising.” Riley

[Knowledge Integrators are] able to identify ways [to solve a problem] through
associative kind of experiences that you may have had in the past, ‘Oh, I can take
this, and I can take this, and I can take this from these other applications and
bring them together to meet this need that I see at hand here.’ So they have this
ability to associate things that they’ve seen in the past that solve different kinds of
problems with how that [knowledge] might be associated with the need that they
see now in this new circumstance.” Richard
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“I will take the idea that I learned somewhere else and apply it in a new spot.
That’s me.” Dana

“I will tell you it’s not book learning. It’s somehow the ability to take random or
seemingly unconnected things and put it all together. And I think what innovation
is, it’s that ability to pull from all these different areas and integrate that together
into a solution.” Ted

“[A Knowledge Integrator is] someone that is a lateral thinker, not linear, [and]
is able to connect adjacent pieces or patterns to get to what a robust idea might
be. I think they’re very logical but they’re not linear. So they see a problem.
They see a solution but they’re able to have a lot of tangential ideas around how
to create the experience, how to have the end user in the business actually be in a
positive and win from the situation.” Carol

“No matter what situation he’s in, he learns the environment. He learns the
problem at hand and generally can apply ideas from what other people would
think are from very far afield and figure out how to adapt them to the situation at
hand. All the creative people I have in mind [when you ask who is most
innovative] are people who tend to be able to bring ideas from way outside the
current problem that help solve it.” Jordan
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Knowledge Integrators are perceived as unusual characters but unique and important
contributors to the innovation process for the seemingly unrelated connections or
spontaneous contributions that they make in the innovation process:

“One of the things they have a unique way to look at problems and by that I mean
they somehow see the problem differently than say 99 out of 100 other people
would see the problem. And maybe they even have the ability to see the problem
on multiple different ways where some of us can only see the problem in one way.
They somehow can see it from different perspectives.” Joseph

“Innovative people often express ideas metaphorically. They relate this solution
to an easily understood idea, [tell a] story by [using a] metaphor and [help]
people to understand a problem in a different way than they ever understood it
before.” Riley

“One characteristic [of a Knowledge Integrator] is just nonlinear thinking, [and]
their ability to just jump around in a conversation is surprising. You’re talking
about Topic A, and you haven’t really start[ed] talking about Topic B yet, and
they’re already on B. And they’re [saying], “You know, that’s kind of related to
this other thing.” Ian

“They’re people who don’t dismiss serendipitous things. So, you see something
here and then you see something [there] two days later. They don’t seem
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connected but somehow [Knowledge Integrators] are the people who [ask], “Do
you ever wonder what it would like if people had kangaroo pouches?”” Doris

When engineers think in a linear fashion they are not perceived as Knowledge Integrators
or innovative:
“My experience [with] engineers is that they are some of the worst offenders of
thinking linearly. And I’m afraid that’s a trait that I find in many engineers. An
engineer has to come along and put it into sort of straight-line kind of thing. So
I’m afraid that your subject matter of innovation [in] engineers is almost an
oxymoron, I’m afraid to say.” Peter

One type of Knowledge Integrator’s contribution that is valued in the innovation process
is one where a new or different way of looking at a problem is put on the table:

“I always bring that up because I think it’s kind of a relevant part of the whole
innovation approach, that’s picking up bits and pieces here there and synthesizing
them. But, this is the part that I wish I understood, some people just have good
technical hunches. Sometimes you know which ones to stick with and which ones
to let go.” Pierre

“But typically an innovation occurs for me when I’m aware of a problem. I might
be working from adjacency and all of a sudden I apply that to the problem. Or,
I’m aware of someone else’s work. For me since I’m very right brained, I make
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connections that occur kind of randomly. In other words, I need to have a lot of
exposure to issues and problems. And then with a lot of exposure to technology I
make those connections. So it’s kind of like a random access connection versus
something that’s very methodical.” Aubrey

“I’m a mechanical engineer, do I think everybody who solves mechanical
problems has to be a mechanical engineer, Absolutely not. I have worked with
great people who solved mechanical problems and they’re not mechanical at all.

They’re just thinking about it differently. Sometimes you’re better off not having
[domain knowledge] because you’re looking at it [in a] completely different
[way].” David

The Knowledge Integrator stimulates the process of identifying solutions to problems but
in unusual ways. They connect or combine widely dispersed sources of information or
experiences and based upon their associating this disparate knowledge suggest unique
ways to address a problem or improve a product or process.
4.4.12 Experimenter
An engineering innovator who is an experimenter is a doer, ready to try something, and
makes the abstract concrete. They move to action quickly as a way to test ideas and
evaluate alternatives. They accept uncertainty and ambiguity and qualify possibilities by
moving to testing or modeling or building prototypes not by gathering more information
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on possible alternatives. Experimenting by an engineering innovator is important in the
beginning stages of the innovation process.
An engineering innovator experimenter is driven to take more immediate action to
determine the value of an idea or possible solution to a problem and then modify their
idea based upon what they learn from their experiments:

“I feel that I have to do something about it or I lose the energy. So, if I make a
connection [to an idea, to solve a problem or improve a product or process] I
have to put in place steps to see if that would work. So I immediately network and
try to get something done whether it’s an experiment, or leveraging someone
else’s work, and then adding maybe something on top of what they’re doing. But
I have to act on it otherwise it just kind of disappears.” Aubrey

“This device we’re going to test was a classic case. We had issues with the
current configuration [with] people grumbling about how much it costs, and it
wasn’t doing everything it was supposed to do. And, I got this itch. I wondered if
I could scale that device up from what it was and see how well it can handle these
[forces]. [So I just went and did it].” Toni

“That’s where something like good science starts creeping in. You do the
standard, think about it, come up with some hypotheses, [and] test [those]
hypotheses, and experiment. I don’t see any alternative to experimentation and
making a heck of a lot of mistakes.” Pierre
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“The first word that comes to my mind is, ‘doers’. People who might be
reflective, but when they see [an idea] they’re ready to try something. They’re
ready to do something. And then there [are] other people who you go to and you
say, ‘Hey, I got this idea.’ And they say, ‘Well, let’s try it. Let’s throw it on the
wall and see what sticks.’I say, ‘yes’ more often than I say ‘no.’ I have a hard
time, if something seems a little interesting; I’m like, ‘Yeah, let’s do that. Let’s
try it.’ I tend to do a lot of experiments.” Ian

“So it’s how do I take this [idea], what could I use it for? And then apply it to a
different situation. And, you make changes, you make tweaks. Once you get that
going then you start thinking about how do I go about testing it? What do I put
together? What are some other things I can do? And, how do I start evaluating
the different options that might be available. I think you have to have the freedom
to explore or to try new things.” Ted

“There was a software engineer here. I can’t really explain what his
characteristics are. He just knows control software very, very, very well and
tinkers all the time in the lab. He’s had multiple breakthroughs.” Nathan

“Well, this is a little story I will tell about David. He was standing there at the
coffee machine trying to get coffee and his coin just kept falling all the way
through. He held it up and looked at it and looked at it a little, and pretty soon he
stuck on the floor and he’s kind of flattening it against the stone tile, and looked
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at it, and then he put it back in and it worked. It’s a classic David. He will not let
that go away. He’s going to solve that problem one way or another just to get his
cup of coffee. And [we] just thought that was the personification of David that he
was never going to let a problem pass him by if he could figure out how to solve
it.” Toni

Ambiguity and uncertainty are also not serious impediments to action for an experimenter
and coping with ambiguity is important in the front-end of the innovation process:

“They’re very open to, I hate this word, but we use it all the time, they’re open to
fuzzy. Like they’re very open to, ‘Go with me here.’ ‘I know all the pieces aren’t
worked out but I feel, my gut says this is a good direction to head. What advice
do you have? Where would you look? What would you do next?’ The people that
answer those questions, and pat you on the back, and turn you inside in a new
direction, those people are good at this front-end stuff.” Doris

“So they work good in the grey. They don’t have to have everything black and
white. They don’t have to have a tangible. They are able to create in grey space.
They’re able to synthesize trends, observations and facts into an idea. They’re
very collaborative. They work with whoever and whatever and the ‘who’ doesn’t
matter. The source doesn’t matter. They’ll take what they can and create the
idea. And they’re tolerant of ambiguity. They don’t really have a need for
control or power.” Carol

128
“You have to be fairly good at translating something that’s abstract and [into
something that’s] concrete. So, you have to have the ability to take an idea or
concept that starts out in your head, and either drawing it, or building it, or both
actually so that it becomes something more tangible.” Greg

“Well engineers are fact oriented and very structured. And that frequently gets in
their way I believe. They stand on ground that’s solid. And oftentimes they feel
very uncomfortable in that grey territory, in the creative territory. So that’s an
area that the people that can deal with shades of grey, and purple, and all kinds
of colors can excel as long as they can communicate with engineers.” Aubrey

Experimenters are important players in the front-end of the innovation process as they try
out different ideas and add to their knowledge about the potential innovation. They are
not deterred by a lack of certainty or facts and are quick to begin to experiment with their
ideas.

4.4.13 Developer/Adapter
An engineering innovator develops an idea, prototypes it, and finds what works and what
doesn't work. They continually change their understanding or design of the innovation as
they receive new feedback from testing, research, potential customers,
collaborators/suppliers, or the marketplace. The characteristic of being adaptable and
flexible and open to changing your innovation is sometimes not accepted by a noninnovative engineer or an engineer not as open to change as an innovative engineer. An

129
engineering innovator developer/adapter’s knowledge and skills are a driving force in the
middle stages of an innovation process.
The transformation between an idea and an idea that has merit as a possible innovation
often takes the form of creating a prototype of the idea, testing it against customer or
developer reactions and then modifying the idea based upon what was learned from the
testing:

“We put a high degree of value on people who can take sort of what we often
refer to as this cloud of ambiguity of information and start experimenting with
the, ‘Well, what if it worked like this? Why don’t we try a screen that looks like
this?... I have an idea, I think it could work like this.’ We look [for] people who
can take abstract things and turn them into tangible artifacts.” Riley

“These are just steps, in my mind, in the innovation process. Once you select [an
innovation idea] that looks as if it’s got good merit, then you’ve got to build a
prototype, you’ve got to make a model, you’ve got to do some detailed analysis
work to set parameter values and try it out. And, seeing what happens. And
seeing if it works, or if part of it works, or if a portion of it works. And then
they’ll try some other thing. But they’re not afraid to learn from something that
didn’t quite work as they thought but part of it did work. So, they move forward
with that.” Richard
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“They’re willing to change their vision or their roadmap or their path based on
what new learnings or new things come about. They are willing to pull a stake
out of the ground when new information comes in. They are flexible. They are
willing to change their rationale or reasoning if some other realization comes into
being.” Carol

The attitude that you will learn from failure and be adaptable or flexible and change the
innovation idea based upon receiving new information is not a common pattern of
behavior:

“When you’re being innovative you have to adapt and you have to change maybe
your task and your project based upon what you learn as you go along. I find that
people who are very task oriented and like that list, my to-do list, and here’s my
task, do not like the innovation side of things. [They] tend to find that [innovation
process developer stage] very uncomfortable because there’s a lot of uncertainty.
This [innovation stage] is where you start doing your risk mitigation, If this
happens then what? So you’ve got to be saying, ‘Okay, if we go in and it doesn’t
run on the machine, if this happens, then what do we do?’ “ Ted

“Some engineers that believe that their idea or invention is the best thing ever
through their lens and the reality is they try to drive their agenda and they’re not
necessarily willing to accept ideas from other places. Sad to say, and I have an
engineering background, but I think engineers are [sometimes] the worst when it
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comes to the ‘not invented here’ syndrome. They often aren’t open to those ideas
coming from the outside because it doesn’t fit their lens or their proposition.“
Carol

Developing the innovation idea requires gathering information about the use of the
innovation and identifying and overcoming barriers to its acceptance or use. The
overcoming of these barriers is sometimes a rapid process of change and pivoting to a
new form of the innovation idea can be virtually continuous and happen quickly:

“[Understanding] the barriers that we have to overcome, and just very
methodically going through to get that work done and accomplish the overcoming
of the barriers, [is the developer’s task]. ‘Cause in some instances the barriers
are us, meaning human interactions. And in some instances the barriers are
technical. Sometimes the barriers are human, sometimes the barriers are
materials, and sometimes the barriers are just the intellectual property.” Dana

“[Assume] there was some initial pain and some proposed solution to it. And
then that idea has to be tested. Innovative people will do all those extra things to
test that model, to test all the components of that model. That would include how
the customer might react? How possible it is to actually build? What kind of
partners you need? What other resources [are needed]? Test different ways that
you could price it. There [are] all kinds of tests going on at the same time. And,
when you discover it’s not working, it’s about figuring out why that’s not
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working, and adapting to your next version of it. And this seems very seamless. It
happens really quickly. Information is being picked up all the time. And, changes
are being made all the time. Sometimes it’s almost continuous that these changes
are happening. So what’s happening in the [developer] phase is that as soon as
you know what it is that is working, you now have the ability to measure these
things, and to refine them, and make them more and more efficient, and to scale
them.
So, it’s not that you’re just going to do it and then it’s a success or not. It’s more
like you’re going do it with the least amount of resources, and you’re going to
build the very minimal product, the very minimal brochure, the very minimal
everything so that you can see what parts of each of those things, the product, and
the communication, everything holistically ... what parts are working and what
parts are not.” Ian

The ability and commitment to change or adapt the innovation idea is a characteristic of
being flexible or adaptable that applies to the engineering innovator changing or adapting
themselves as well as to changing or adapting the innovation idea:

[After the discovery of a possible innovation] prototyping is the next step. So
create some rough, ugly, I think this is about the right size. Try to get that into
people’s hands. Refine. I think [in] prototyping, people that are able to flesh [the
innovation idea] out, make it come to life, [they are like] storytellers.
They’re willing to like take in feedback and try to change; try new things. They’re
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really willing just to take in advice, and feedback, and ideas, and then they don’t
just take them, and then they try to go do them. So if somebody says, “Doris, you
should talk less. I’m here to tell you it’s inhibiting your ability to innovate. You
need to talk less and listen more.” Then you go read a book on how to listen
better and you try to apply those techniques because all you want is the outcome.
You just want those relationships. You want to be a good innovator. You want to
invent things. So, you’re willing to change yourself to try to get to the
[innovation] outcome.” Doris

The scope of the learning in the developer phase of the innovation process is very broad
and encompasses everything that is related to the possible success of the innovation idea.
The skills required of the engineering innovator or the engineering innovation team in the
development phase of the innovation process are very broad and potentially unique to this
phase of the innovation process:

“In the [development] phase you have lots of learning to do, and lots of rapid
changes, and. a lot of innovation, not just on the product and technology, but
virtually everything: the processes, the systems, the team members.” David

“[Developers] listen very well usually… although that can take many forms.
There’s other traits. They work hard. They tend to be goal oriented. They tend
to make trade-offs very well.” Jordan
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[In the development phase engineering innovators need] in some ways different
skills and, like I said, some people can do that but if you look at the time it takes
to take that idea forward, many of those skills or many of the things you’re doing
have nothing to do with the original discovery. So if you’re focusing on those
things then you can no way be focusing on what you were doing at the discovery
stage.” Joseph

Engineering innovators functioning as developers are adaptable and flexible as they test
and improve their innovation idea. They learn continuously from their testing and
research and focus on identifying and overcoming barriers so that their innovation is
successfully implemented.

4.3.14 Implementer
An engineering innovator implementer is focused and detail oriented and also creative
and resourceful when completing the implementation of the innovation. They face time,
budget, market and customer constraints which are different obstacles than innovators
faced earlier in the innovation process. Implementation starts with a clearly defined goal
for the process or product innovation and ends when a new product or process is
successfully introduced into the marketplace. Implementers must be flexible and creative
in finding ways to complete their innovation projects while solving the technical and
business problems that arise. Engineering innovator implementers are able to focus on,
organize and drive the innovation implementation process. They also must possess
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considerable measure of the characteristics of Team Manager/Leader, Communications
Skills, Alternatives Seeker, Passionate, Analytical, Creative and Persistent innovator that
engineering innovators used in earlier stages of the innovation process.
Articulating the innovation project goal is the beginning of the innovation
implementation process:
“First, you decide where you’re going. That is to say, what is the problem? You
solved it. Where is it going? Where are you taking it? And you make that crystal
clear. And then [the engineering innovator] makes every decision from that point
on based on that [goal]. No more issues can be allowed to make your decisions.
You have to make [the innovation] with the strategy that you developed. And that
will allow you to drive to your end.” Bruno

An implementer has the necessary domain knowledge and technical and organization
skills and makes a detailed plan, gathers the necessary resources together, overcomes all
the obstacles and manages those resources with continuous changes in plans and
resources so that the innovation goal is obtained:

“Charlotte is a perfect image of our project managers. She’s the one who
organizes all the resource planning, all the detail, very detail oriented. The
people who drive things home are like that. They’re very detail oriented.” Riley
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“I think the ones to implement are the ones with the strongest technical
background, the strongest capabilities to be able to stick to it and follow through
and finish what they’re doing.” Edward

“And the people who usually bring the baby home so to speak, or make sure that
the [innovation] is implemented, are the people who are the fact-based, safe
guarders, detail oriented individuals who are [taking you to] the end of it.” Dana

“They are rigorous. They are dedicated. They are committed. I think about them a
lot of time as pit bulls; they’re the ones who get that problem in between their
teeth and shake their heads until the problem dies. It’s like the people that are
ripping down the calendar pages, “Ten days left. Nine days left. Eight days left.”
You can’t live without those people.” Doris

In the implementation stage of innovation there are challenges to be addressed and
obstacles that arise in the innovation process. The engineering innovator implementer
must resolve these technical, product, manufacturing, customer and financial issues
during this stage of innovation:

“During [the implementation] period of time there can be changes made [in the
innovation] and probably have to be [made] in order to insure they can make the
[innovation]. And, it needs to be modified kind of continuously during that stage.
And, verifying [the assumptions], and get[ting] all the feedback you need from the
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customer or consumer [is necessary]. All of that [information] goes into many
cycles of evaluation until basically you lock in and go - this is what we’re
commercializing.” Aubrey

“You’ve got to have the engineers [that] can now take that concept and make it,
fabricate [it], make it manufacturable, if that’s a right word, make it repeatable.”
Ian

“At this particular point that’s when engineers come into their own because they
can work out how to make something work, how to get to the end result. The one
rule is that they can’t change things too aesthetically because this is what we got
feedback [from customers] on. It’s what we started out to do.” Peter

“They’re constantly keeping alleys open in case one shuts so that they can rapidly
move because to them the deadline is the thing. [They are] extremely wellnetworked and experts in their area.” Doris

The characteristics required of the engineering innovator are different in the
implementation stage of innovation than the characteristics required of the engineering
innovator earlier in the innovation process:

“Later in the innovation process, if someone communicates well, is optimistic,
promotes a win-win situation among all the actors involved and then their [ability
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to] execute, make a plan, adapt a plan, that sort of thing [is what engineering
innovators need during implementation].” Jordan

“And that’s why I separate out innovative from innovation because a person
taking the [innovation] once it’s beyond that discovery phase, and actually
moving it forward [has] different skills. There’s a lot of perseverance [needed]
developing networks outside of your institution and just a whole different skill set
and to make an innovation successful [you need] that entrepreneurial spirit to
take an idea forward.” Joseph

“As [the innovation] moves from applied research type work and into
[implementation] then we definitely change the makeup of the team. We move to
people that are strong project leaders… probably have a little more
manufacturing experience, have more product experience. Our [initial
innovators] may not be as current in the latest issues in manufacturing and so
there is a different [knowledge] set [needed].” Nathan

An engineering innovator who functions as an implementer uses a different set of skills in
this phase of implementation. The focus is on the ability to communicate with and
manage people on tasks, manage resources to a budget, consider time and financial issues
and meet or surpass the needs of the organization, customer and market. Sometimes these
skills are found in a different engineering innovator than an engineering innovator who
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stands out in earlier innovation stages or the individual who initiated the innovation.

4.3.15 Passionate
An engineering innovator gets excited about their innovation work and the results they
can achieve through implementation of their innovations. They share their excitement to
elicit support for the development of the innovation. Their excitement and energy for
innovations helps move innovations forward. Being passionate about an innovation is
important in the beginning and ending stages of an innovation process to overcome
barriers to development and stakeholder acceptance of an innovation.

An engineering innovator is excited about innovating:
“My kids are convinced they will drag my cold lifeless body out of this [company]
about forty or fifty years from now. They know I won’t retire. They know that
that word doesn’t even make sense to me anymore because why would I leave
something that is as joyful for me personally as this is?” Riley

“It’s focus and drive to achieve something. You don’t take baths, you don’t sleep,
you don’t eat, you don’t interact with people. It’s just a passion to see it done.
Nothing else matters.” Ryan

“The kind of people that help innovation are extremely excited about it. Value it.
Enjoy it.” Bruno
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“They are excited. They call you in the middle of the night excited because their
assumption that they have found the [innovation] is completely all-consuming
until they have like fleshed it out, right?” Doris

“I would rather solve problems than go on vacation.” Pierre

An engineering innovator shares their excitement with others to elicit their support for the
innovation:
“Innovators have passion. And they respect other people enough that they help
them see the value that they see in this solution that has been [created] by them as
an individual or by a team, [or] whatever…They just know the need of getting
other people involved [for] bringing [the innovation] to pass.” Richard

“He’s excited about it. His manager’s excited about it. And, of course I’ve
always been excited about it. And, I’ll sure be excited when it actually gets tested
and ironed [out] and we get some data.” Toni

“To me the most intellectually exciting thing to happen to me is for me to discover
something nobody else knows and I know it, and I get to share it. In science to
discover something for the first time has a certain sense of power to it.” Bruno
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An engineering innovator’s passion supplies energy to help get innovations moving
forward:

“They [are] flamboyant; very animated, passionate. I’d say [they] are passionate
about ideas and doing things. Innovators work with people. They’re very
passionate about things. Because of that there’s a lot of energy around them.
They move [the innovation] forward.” Aubrey

“I loved the group we had. We had some fantastic times together. We had some
fantastic successes together. It was some of the most enjoyable times. It was
great... It was energetic,..it was fun to come to work every day...it was a very
vibrant time.” Edward

“There’s passion around [innovation]. [Innovators] have passion… There’s a lot
of passion around [innovation]. Motivation [for innovators] is very hard for a
manager … They’re self-motivated… these [innovators].” Nathan

The excitement and passion of an engineering innovator for seeing an innovation
developed and adopted is a catalyst in the innovation process.
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4.3.16 Self-Reliant
A Self-Reliant engineering innovator is confident, individualistic, and self-motivated.
These types of innovators like to work by themselves, especially in the beginning stages
of innovation. They are very confident in their innovation skills and accept responsibility
for or take ownership of a problem or solution. Self-Reliant engineering innovators
sometimes take a different path in the beginning stages of the innovation process.
Self-Reliant engineering innovators function like an introvert and like to work alone or
do it themselves in the beginning of an innovation process:

“A lot of times in the initial stages I like to work by myself.
That very crude type work I like to do by myself just because I can get into the
lab, and I do everything, that part I like to do by myself.” Ted

“I know one thing I do. I don’t hesitate to take something apart and I have a lot of
confidence I can. I’ve taken things apart that I shouldn’t have and I’m able to fix
them. Like, if something breaks I usually take it apart before I call a repairman.
Almost anything I’ll take apart. That’s from my dad. Like our dishwasher wasn’t
working the other day and I don’t really know dishwashers that well but I started
taking it apart and guess what, there’s a bunch of crap down in the intake of the
pump. It just needed to be cleaned but a lot of people never do that. I have a
Porsche and I love taking it apart which is kind of crazy and work on stuff myself.
Most people would never even think about working on that car.” Nathan
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“This sense of self-reliance [is] my natural tendency. Where I get my energy is
starting out and just doing it myself.” Pierre

“I’ve been invited to too many brainstorming sessions that don’t get very far.
And after about a half an hour the rest of the time was probably useless. I
would’ve been better off thinking on my own. So, I’d certainly vote for the private
time.” Toni

Confidence in themselves and their skills is an important characteristic of engineering
innovators and that confidence extends to others trusting in them and their skills:

“I think [engineering innovators] are people who have some sense of security
within themselves. They don’t need to be told what to do. They figure this out for
themselves.” Bruno

“Confidence in yourself goes a long way. Not arrogance. Confidence, and
you’re happy with yourself. What drives me is the joy of doing that [competing
and winning] cycle. It’s like being Joe Namath, bragging that he would win the
first NFL/AFL football game and then doing it. Or, Babe Ruth pointing out to the
outfield and then hitting the home run to that place. That’s what motivates me.”
Ryan
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“I’ve always [said] the best motivation [for] me has always been when someone
told me I couldn’t do something. So as a woman in engineering, way back when, I
got a bad streak in me ‘cause a lot of people told me I couldn’t do things starting
with my dad and my high school guidance counselor who said, “Women aren’t
engineers.” Dana

“Getting others to trust you, trust your technical judgment, trust your capabilities
is important. If you don’t have those things, you’re not going to be looked at to be
someone who can come up with innovation to solve a problem.” Edward

“You have to have a very, very strong sense of self to think that you’ve got the
whole thing worked out all on your own. I think there are people who are sure
that they have the answer. And maybe it’s a weak sense of self in the sense that
they’re afraid to be criticized. Like, I know this is a good answer and it will work
and I don’t really want to hear how you would change it because I think it’s good.
So, that could be construed I suppose as being unable to be open to changes to
your amazing idea. But you might be the only person working on a brand and so
you come up with a solution and it’s a good solution. Could it be better? Sure.
But it’s a good solution. It’ll work, it’ll sell. Box it up.” Doris

“And engineering education is somewhat unique in that regard. We really do
help students gain confidence in their ability to envision [a situation that] could
be better. It takes a set of resources, tools, time, money, technology that you can

145
believe you could bring to bear to make it better. You bring those together to
cause something to occur which has not previously occurred in this particular
setting. That’s how I envision it. And there’s this sense of we can do this. Not a
sense of arrogance, or a sense of, “Well, I’ve done this before so it’s going to be
easy.” Or, “I know all of the answers.” It’s a sense of humility that you don’t
know the answers but you know a process that will help you find the answers to
solve the identified problem, circumstance, or gap that exists that’s at hand.”
Richard

Self-reliant engineering innovators have confidence in their problem solving and
innovation skills and also take ownership of the problem or opportunity. Taking
ownership of a problem or possible solution is an important step towards implementation
of that solution:

“I would say what maybe tends to make people think of me as innovative is taking
a real personal ownership of a particular problem and coming up with a solution
that isn’t out there; that you’re not just picking something else someone’s done.
You’re thinking of a new way to solve that problem. And that’s typically where I
would look back and say, “Well, wait, that was pretty neat.” So, I think
[innovating is] two things: One, taking ownership of the problem. And two,
[innovating is] not being afraid of doing something unconventional and at least
giving it a try.” Toni
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“If I had one last talk to give and one last speech it’d probably focus on [selfreliance] coupled with one of my other things that I think is absent in this world.
[It’s] what I’ll call personal accountability. And that is, you know if you’re
wrong, you’re wrong. Admit it. Don’t try to cover it up. Don’t try to blame
somebody else for it. Admit it. [Accepting personal accountability] is also a
characteristic of the innovative people that I’ve experienced.” Pierre

“If you look at an engineer that’s responsible for delivering a [system solution],
he’s engaged. He’s the engineer. He knows the system. He’s looking for a
solution. When he finds it he’s going to run with it because he knows it’s the right
solution. That’s no problem. And what we discovered was it doesn’t matter
whether I [as a consultant] can solve the problem or not. What matters is does
the person I’m working with, the team I’m working with, do they discover the
[solution]. If I discover the [solution] and give it to them, the implementation is
less than 20%. If I enable them so they can discover the solution, the
implementation is greater than 80%.” Tarik

Self-reliant engineers work alone when needed, are confident in their ability to find an
innovative solution and they take ownership of problems or solutions to which they are
committed. Their confidence helps them build trust with others and supports their
persistence during the implementation of the solution.
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4.3.17 Analytical
An analytical engineering innovator is meticulous and carefully examines the problem
and potential solutions. They pursue innovation in a methodical and deliberate manner
collecting data and making data driven decisions. Defining a problem, collecting data,
and doing analysis of alternative solutions is seen as the essence of being an engineer by
an engineering innovator and is important in the beginning and middle stages of the
innovation process.
The analysis process is part of the identity of an engineering innovator:

“But it was there where I really felt like I became an engineer. I solve problems
using the engineering way. Analyzing the situation, collecting data, analyzing the
data, design solutions, execute them.” Edward

“I have to really dig down into problems and really understand them and I think
that makes me want to come up with a better way to do it in the end.” Joseph

“Basically [engineering innovators] do the analysis. They look where the
shadows are and stuff.” Ryan

An analytical engineering innovator defines a detailed process for pursuing an innovation
that includes steps for design, testing, data collection and analysis of data to identify
solutions to a problem. One interviewee compares this process to solving a complex
puzzle:
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“In my mind if you’ve identified the What and a possible set of How’s to get the
What, those are steps in the innovation process. [Now] you’re going to select a
How that best meets the What. And the How that you pick can be very innovative.
And, in my mind, once you’ve got this list of How’s, then you’ve got to benchmark
them against the known methods of doing things and make a comparison [to see
how] each of these alternatives might make it better. And then you’ve got to do
the detailed engineering work. And so, you build lots of prototypes. And you do
lots of modeling, refining, and lots of improvement.” Richard

“You’ve got to first understand who the various actors are, the various pieces of
the system that you’re in and you have to understand what constitutes the
system’s performance, what makes it good, where it could improve, what your
knobs are. In other words what things you can do to improve the performance of
the context that you’re in.” Jordan

“The metaphor I like to use [for innovation] is [that it’s] more like one of these
complex jigsaw puzzles. You start out and you don’t know what you’re looking at.
You’ve got all these pieces and you try to do something like, “Okay, maybe I’ll
get all of these that look about the same color. Or, I’ll get some that have straight
edges on them. Or, I have to get started somehow.” So, I’ll get started. And, it
might be write Mary had a little lamb down on the piece of paper, and then
expanding that, you know, that old adage about getting past writer’s block.”
Pierre
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Engineering innovators recall innovative individuals who exhibited an analytical
approach to problem solving as a unique characteristic of that innovator’s engineering
behavior:

“He would just delve into it personally. It was definitely his game to understand
this problem, to make sure the math worked out, figure out potential solutions,
and send them back up the line. He has quite a few features that are still in our
products today. “He would break things apart into small enough components that
he was sure he understood that aspect of a property. That was probably his
unique gift. He would invent tests that would take one unknown out of the
equation and then understand: that’s what happens when this situation occurs.
And, slowly pick the problem apart until he could understand this complex
problem. I think it comes from observing things along the way and understanding
why it happens and why it shouldn’t continue to happen into the future.” Toni

“The engineer was a tremendously innovative guy but he was stuck on one thing
that he couldn’t get past. He needed process. What’s the ideal? What are the
resources [you]’ve got to work with because you can’t redesign the engine or the
transmission. What do [you] have to work with? He identified the obstacles to
using that and found a way to make some very minor changes that allowed him to
use resources that he didn’t think he could use. It was several iterations of that
going [on for] 6 hours but just constantly drilling [down] in that very simple
process.” Tarik
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“I can think of another [innovative] guy. He kept a detailed log of [what he did]
every day that he worked here. He’s got his own website. I still find myself going
there once in a while to recall what did [we] do back in 2006 on this particular
problem? And it’s still out there. I don’t know how big his website is these days
but he’s updated it pretty much every day. He will pay attention to every bit of
information that he gets and be able to retrieve it and apply it to something down
the road. To me that’s a big characteristic [of engineering innovativeness]. And,
he’s certainly very diligent work[ing] out the details, making sure it makes sense,
and running a test two or three times. [It] can be frustrating to some managers to
have a guy that behaves that way. ” Toni

The impact of an analytic data-driven approach is cited by engineering innovators as
important to their innovation activities:
“The benefit of Six Sigma is if you have the data, no matter who you are, you can
make things change. [What] I loved about Six Sigma [was] the fact that no matter
where you were in the organization if you could show data that said, ‘Everyone
should be turning the lights off at 6:00 o’clock, and here’s why, and here’s how
much money it will save,’ You could’ve started yesterday and you would have as
strong a voice as anyone else.” Doris

“The net result is that evolutionary developments in applications are retarded
substantially by our inability to actually trust our analysis. And to trust it we’ve
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got to understand it better. And, understanding better means what do experiments
do to certify that this product’s not going to fail? You take the lowest number that
you get in all the tests you get, right? The distribution function, you get the tail
and you say, I’m designing it for that. So, how do you get that tail? You’ve got to
test all of these samples. And, you don’t care about all those fail at high strength,
but it’s the low strength guys that you’re worried about. And, that’s where you
design everything. That’s where you get the design load and so on.” Bruno

An analytic engineering innovator uses the collection and analysis of data to evaluate
alternatives and to understand and construct possible solutions to problems. They
consider this data-driven process the essence of their engineering approach to problem
solving and innovation.

4.4.18 Creative
A creative engineering innovator is inspired to invent something new. Their creative
moments can occur suddenly or after long periods of study and are sometimes
encouraged by their environment and peers. Creative actions of engineering innovators
are important in all stages of the innovation process and particularly in the beginning
stage of the innovation process.
Creative actions occur in various ways for engineering innovators but it is usually
associated with thinking about a problem:
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“Inspiration. You get sparks. Sparks are the result of inspiration. Sparks are the
things you see. There’s an, ‘aha, I never thought of it that way. Oh my gosh.’
That’s right, and that’s a spark, right? And then if you aren’t careful then it’s a
flame and then pretty soon you’re on fire!” Doris

“As one noodles on things all of a sudden you see something differently than you
did before through either a thought or a comment that someone has made. And
you say, “Oh, I need to think about that, or I need to think about that differently,
or investigate that.” Dana

“And then you start putting that stuff together and then eventually you put a
couple of pieces in there and something happens; you recognize something, a
person, a tree, flower, some part of the bigger picture, which to me is kind of akin
to the innovative moment; the creative moment.” Pierre

“Sometimes I don’t really think of myself as an innovator but there were times
when I had to come up with an innovative solution that I didn’t have any idea how
to solve. And I needed to do it in a very rapid timeframe. And, a lot was hinging
on that; a lot of pressure. A lot of people were relying on me to do something.
[and I did]. I feel like it’s what people call an “aha” moment. This moment of
discovery [where] you’re connecting the dots and putting some ideas together
that are helpful for a very specific purpose. I look back at my own career and I’d
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say I had just a handful of those [moments]. And looking back they seem
insignificant but at the time they were solving an important problem.” Edward

The context in which engineering innovators work influences their creative behavior:

“[Our company is] a fascinating experiment in human psychology that says most
people are innovative at their core. It’s almost the essence of being a human
being to be creative, imaginative, and innovative, and we allow that to happen
here. Nobody here gets hired in because of their resume. Nobody here gets hired
in because of their degree. Nobody gets hired in here because of what they’ve
done in the past. We hire them for who they are as a person. I love my team. I
love every one of them, but this is a slice of standard America here. There’s
nothing special about these teams. They aren’t Ph.D.s, They’re not like the most
amazing designers you’ve ever found. These are just regular human beings who
work here. But by engaging them in a process that unleashes the natural
creativity that exists in most of us [we energize] our team’s ability to create
something; we literally create it.” Riley

The opportunity to be creative was described as a strong motivating influence for an
engineering innovator working in an innovation process or as an innate characteristic of
the way they learn:
“I think the best innovators simply enjoy the creative process. They find this sense
of fulfillment that comes from solving a problem, meeting a need to make things
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better for others. And after a while the money has little or no meaning. The
process of creation is fulfilling and worthwhile. And I think that innovators
recognize that sense of fulfillment and they persist at doing it because they know
that the outcome is going to be of worth. And here’s a quote that I really like.
He’s a retired chief airline pilot for Lufthansa in Germany. ‘Desire to create is
one of the deepest yearnings of the human soul. Creation brings deep satisfaction
and fulfillment. We develop ourselves and others when we take unorganized
matter and create something. Creation means bringing into existence something
that did not exist before.’ “ Richard

“Why when we look at an idea that we have ourselves created do we get such
satisfaction from it? Why is it that when I look at those books over there I’m
more proud of them than almost anything in the room? Those were the creations
of the people that I worked with and I guided. I think creativity in engineering is
to me central to it. We can create the science. Most people have to create with
other instruments, other tools.” Bruno

“I really appreciate working with analytical people because I’m not very
analytical. So it creates a nice balance for me. Obviously, I’m really creative,
but as a scientist I need to fill in that creativity with good science. I’m an artist by
nature and I just bring that to this job. [To] create something new that hasn’t
been done before. It’s just a canvas there that you can lay out. So, being able to
be work in a physical way where I can paint my pictures, put my products
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together, put my materials together, put my formulations together that’s the
creative process I go through. And, I get a kick out of it.” Aubrey

“There are some people that are just born with that innate curiosity, creativity.
It’s hard to teach some of that. And the question we’ll never answer is, if when
you were 2 years old you started swimming, does your body develop around the
sport? I always argue that to some extent. So here’s a guy that comes in with a
lot of mechanical aptitude and he’s just [a] really creative individual. Why is he
so creative? I think it’s because he’s so open. You know about how kids learn
and why kids learn so much better than adults. Kids are sponges and I’d say
[he’s] more of a sponge. He’s not second guessing a lot. He’s listening to
everything and taking it in.” Nathan

Engineering innovators are differentiated from their peers by their ability to be creative
and ‘unlock the avenues for innovation’ but the creative contribution can also come in
part or whole from any member of their network or team:

“[Engineering innovators stand out because of] their ability to generate and
leverage creativity and imagination based on existing competencies and create
and invent something new. So it’s not just based on what raw materials or tools
or capabilities you have in front of you, it’s the ability to imagine and create from
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that something that could be new and it might not totally be tangible yet. But it’s
defined as an invention and then it actually needs to be prototyped to make it
real.” Carol

“The most creative guys are the ones that find a way to do something fresh and
find a way to do something new. The interesting question then, we’ve been trying
to get to is ‘creativity.’ Do you have to be creative to be innovative and the
answer’s sort of yes and no. [Creativity] doesn’t have to be necessarily versed in
the same person. You need somebody to unlock the avenues for innovation and to
be able to see ways past the current methodology. And that’s where creativity
comes in and it may be a different person to develop creative solutions. I think if
you don’t have creative people, the ability to see and create products or solutions,
the extremely different pathways might not get [discovered].” Peter

Engineering innovators who are creative are important to the beginning stages of
innovation and provide the ideas which prime the pump of the innovation process. The
creative behavior of engineering innovators can be encouraged by the context in which
they work or by the team or network with which they associate. Creative contributions of
engineering innovators are usually directed at solving problems and can provide
intangible rewards to the engineering innovator.
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4.4.19 Persistent
A persistent engineering innovator committed, determined, and resilient and is not easily
thwarted. They have courage and they will continue to pursue their idea even if someone
says: ‘It’s not what it should be. It doesn’t make sense’. They have a faith-like conviction
that they can find a way to solve a problem or that their idea is worthwhile. Persistent
innovators expect opposition to their idea and they work to overcome it. Non-innovators
stop when they encounter opposition to their idea while innovators persist at pushing
their idea because “they know that the outcome is going to be of worth.” Persistence by
the engineering innovator is important in the entire innovation process.
Persistent engineering innovators pursue their ideas even in the face of opposition
because they believe the problem they are addressing can be solved or their idea is worth
pursuing. Non-innovators get stuck when barriers are raised:

“[Innovators are] individuals who are not easily thwarted. They’re like pit bulls.
They grab onto something and they hang onto it, and hang onto it. If they think
it’s a good idea they don’t let it go.” Dana

“They’re persistent. They have courage. They will continue to pursue [the idea]
even if someone says ‘It’s not what it should be. It doesn’t make sense.’ They
constantly exhibit that courage and resilience and persistence regardless of the
barriers in front of them. If one type of material or part of the process doesn’t
work, it doesn’t stop them. They persevere and they are very tolerable of their
mistakes or failures because they learn from them.” Carol
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“It takes a strong individual to say, ‘I am not going to let this take me down.’ I
am not gonna’ let this guy’s attitude infect my thinking.” Dana

Persistent innovators work hard, often for a long time, with faith that a potential solution
will be identified. Their resilience in the face of obstacles and endurance in support of
their idea are factors in its identification, acceptance and success.

“You know, so I think there is a certain discipline and focus that has to stay with
you if you’re going to follow through and make it happen. Once the idea is
evolved that stick-to-itiveness, that endurance, it’s certainly essential.” Bruno

“[Innovators] tend to be problem-solvers. If the problem can be identified they
generally have enough confidence and humility and persistence to find a solution.
And innovators expect opposition and work to overcome it. They have this sense
of stick-to-itiveness because of this faith that there’s gotta’ be an answer. We can
do better. We can find a way to make this better. They don’t give up easy.
Thomas Edison, you think of him as a great innovator. Well, he tried how many
thousand things before he found one that worked in terms of his development of
the light bulb? He worked hard. He expected opposition and he worked to
overcome it. And I think that innovators persist at doing it because they know
that the outcome is going to be of worth.” Richard
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“I took them through a five-year transformation effort. There’s a big difference
between the planning and the execution; huge. And, communication becomes
important. The communication skills are really important; The passion to stay
with it; The endurance to stay with it. Those are all extremely important.” Bruno

So the [innovators] who are successful are resilient. They have had a success.
They’ve had one thing that’s gone through and they know it’s possible. Those are
the people that come out with innovation after innovation because they’ve figured
out how to get from A to B, and they’ve navigated that [innovation] path.” Doris

Persistent innovators are resourceful and find ways to advance their ideas or interests
even in the face of obstacles and barriers raised by others in their communities:

“Turns out IBM at the time only hired MBAs [from] the big-named schools and
that’s what they wanted to have in their sales force. But that didn’t slow me down;
I just went around and talked to a lot of people trying to figure out where there
was a home for me to try sales and marketing.” David

“When they presented [their idea] one of our heads of tech transfer was there.
He said ‘This will never be a product. This will for sure never be a company and
I doubt if it will ever be a [success].’ So that’s not the last time that they heard a
negative thing. They didn’t get matching money from our local business
development entity initially. They had rejection on STTR grants. But they
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persevered. At some points they were pretty much sleeping in their cars. Each of
[that team] had depth in their fields and they actually together came up with this
redesign idea. Most [ideas] take further development so that the outside world
will recognize the value [in the idea].” Joseph

“Not that anybody has all the components or all the traits necessary often to do
the entire process of innovation so one thing that can hold them back is if they’re
not complemented by a team or a group of people that bring all the skills to bear,
the chemistry on the team isn’t good or the vision for the idea or a good set of
ideas may just be too difficult and it may take multiple tries for the innovation to
be realized. So somebody’s got to be persistent.” Jordan

“Ultimately the innovator that actually [implements] their innovation has a trait I
call persistence. [As an innovator] I’ve gotta’ have the persistence to carry
through and probably lots of people telling me that this isn’t going to work. And
deal with the fact that it will take some of my time which is a scarce resource.
There are [always] many obstacles, so if you’re persistent and you’re willing to
recognize that there’ll be many obstacles, you’ll figure out how to get around
those [obstacles].” David
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“There’s a quote from Emerson that I really love. “That which we persist in
doing becomes easier to do, not that the nature of the thing has changed but that
our power to do has increased.” I really love that because it says that no matter
how un-smart we think we are we can get better at it if we practice.” Richard

Resourceful, committed, fighting rejection of their ideas and resilient, with a strong belief
that a solution to a problem can be found, is how engineering innovators describe the
persistent engineering innovator.

4.4.20 Market/Business Savvy
A Market/Business Savvy engineering innovator is able to address business issues, has
insights into how the innovation will benefit his organization or community and can
persuade others to invest or support the development of the innovation. They think
entrepreneurially. Not all engineers possess this characteristic nor enjoy this stage of the
innovation process. Being market/business savvy is important in all stages of the
innovation process.
The market/business savvy engineering innovator can address the business questions and
issues that arise during the final stages of the innovation process including financial,
economic, marketing, sales, user, and stakeholder issues and supply chain and market
questions :
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“[When seeking support for your idea] all of these questions come into play. And
they can be killers if you don’t find solutions. You’ve got to figure out how am I
going to market it? Find solutions to [the] supply chain; How do we position it
with the consumer? I know the cost of these things, how do I put together the
economics? Can I make the economics work? What do I have to charge for this
product? And sometimes that comes in earlier than others. We might deal with
operations folks. You have to be able to speak their different languages. You
have to be able to speak to the financial component. You have to understand the
supply chain and be able to at least address what the supply chain might look like.
You have to be aware of [all] these things.” Ted

“Once you have the concept, or the idea, you have to take that amorphous
thought or concept and make it practical. There’s a translation that goes on
through concept to end product. [You need to consider] what has to be done?
Who else has to be involved, or who has to agree, or who has to buy in, who are
the stakeholders? And they have a role to play. Are they willing to play the role?
Have they been trained to play the role? Do they know what to do? So there’s
that aspect of [connecting the innovation to the marketplace].” Dana

“And are there enough people to purchase? Is this a U.S. market? Is it a global
market? The business plan development is running right along [on] top of what
you’re [doing in development of the innovation]. At this point you have to have a
semblance of business sense. You have to understand the goal of the project
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[which] in our case is to make money. So if there is no foreseeable pathway to
making money you have to be smart about that.” Doris

“You have to have some sense of who the right audience is for the idea, who can
find it useful, and have some sense of what the needs are in the environment
[where] you’re trying to promote the idea. And the timing; whether it’s a good
time for this idea in this environment where the people that you’re trying to get to
use it can really use it in the way you intended to; Whether they can afford it.
Whether they can understand it; Whether they need some training to understand
it; What sort of motivation they might need to try it. What are the competing
ideas that might do something similar? Why is your idea better, or faster, or
cheaper, or whatever the right metric is?“ Greg

Engineering innovators differentiate between engineering innovators who can develop
and execute the business plan and strategies for commercializing or implementing their
innovation and those innovators who do not have these characteristics or don’t enjoy
these activities:

“This is where some people I think have it and some people don’t. This is where
[an idea] crosses from a creative idea to an innovative idea to me, and that is one
of the most difficult things [to] face [which] is differentiating between an
interesting technical change and a viable business proposition. You can spend an
awful lot of time, and even make some good progress, on interesting technical
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challenges that will never ultimately make the company money. And so there
becomes a point when you make that decision. And to me that is what puts you on
the path to a true innovation. That’s kind of a watershed moment making that
differentiation.” Pierre

“I think [engineering innovators who are market/business savvy] are people that
have a broad set of skills. They have the ability to shift [to] more of that business
mindset but again it’s not everybody by any stretch. And the other thing is that
there [are] parts of commercializing an idea that are not boring to those that like
to do them. But the fundamental idea is done and now you’re shaping the idea to
make it into a product or a series of products for a company. [So] what’s the
market?; How should it be priced?; How should it be packaged?; [or] What
should be the graphic interface? Those are just totally different things [to work
on]. If it turns you on or you enjoy that [work], that’s great and if you have the
skills to be able to see those things, great.” Joseph

Engineering innovators cite an engineering perspective or lens and the nature of networks
that engineers develop as inhibiting an engineer’s ability to develop or use their
market/business savvy:

“The problem I found when you get too many other people involved, you get,
“Well, is this going to cost too much?” A lot of [engineers] get in trouble when
they start talking; they get too wrapped up in the technical details. You need to
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get [the idea champions] on your side, and you’re wrapped up in the technical
details. If people don’t care about the technical details you [won’t] be able to
relate to them, “[You need to explain here’s] how I create value [for our
community].” Ted

“I tell people that one of the things that you have to [understand] when you come
to work in a corporate world [is that] the only thing that matters is the number of
hits you get, not the relative number of times you’re at bat. And so obviously the
real trick is to bat a lot. How do you get up to bat a lot? Well, one of the things
you do is [you] don’t waste your time on things that ultimately aren’t going to pay
out. Some people seem to have that knack more so than other people for saying:
this is a big idea, this is a viable business proposition and it’s built on good
science. This is what I’m going to work on.” Pierre

Market/business savvy engineering innovators recruit resources and support for
developing their innovations from many different parts of their community or
organization and think entrepreneurially in engaging their community to support of their
innovation:

“But certainly entrepreneurial thinking is important: understanding what are the
business implications of what we’re doing as well as the practical human
applications, What could we do to make the people’s lives better?” Riley
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“The manager that’s backing it, he had to spend like $120,000 to get some
prototypes made. So, he’s gone out on a limb, and he had to feel like the payback
is there. I can’t get away with just spending that kind of money without somebody
buying in.” Toni

“So entrepreneurial thinking may not mean that you are able to do all the steps
yourself, but it means that you know that they’re important. You know what they
are, you know that they’re important, and you have the network to pull them in
when you need them. If you’re going to be a good entrepreneur; if you’re going to
sell stuff, you need the sales [knowledge]; you need the marketing [knowledge];
you need to be all those people. You need to be thoughtful [about] what the
customer wants, which is bringing in your design kind of thinking. And then you
need to be very strategic in your execution of manufacturing, and launching, and
placement, shelf-placement and packaging. You have to know everything to be a
good entrepreneur.” Doris

Market/business savvy engineering innovators address the business issues associated with
their innovation thoroughly and entrepreneurially. They recruit support for their
innovations from across all the stakeholders impacted by the innovation.
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4.4.21 User-Focused
A User-Focused engineering innovator is empathetic, aware of a customer need, and
focused on the customer. They start with a goal of understanding the user and the needs
they have in the environment or context in which they live and work. Knowledge
developed about the user and the user’s needs then shapes the ideas for how those needs
are addressed. Focusing on user needs is most important in the beginning and middle
stages of innovation.
A User-Focused engineer starts with an investigation of the user and the user’s needs
employing anthropological investigation techniques to develop insights into the user’s
experience or need for a new or improved product or process:
“If you’re going to build something that’s actually going to be enjoyably used by
the people for whom it’s intended, guess what? You actually have to learn about
those people and you have to learn about them in their native environment. You
can’t invite them in for a focus group, you can’t send them a survey, and you
can’t simply infer based on your own human experiences what it is they need.
You actually have to go understand those people and that’s what we do.” Riley

“I prefer to start at the beginning. My favorite kind of project is where I am with
a customer and the customer says something that makes me think there’s a
product need there if I dig a little deeper. So, whenever I’m out with customers
and they’re telling me “I wish I could, or I had to stop, or I’ve never been able
to,” that to me is exciting. I’m energized and I find my happiest times are
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bouncing ideas off people, working with customers. I’m probably never happier
than when I’m in a room full of customers telling me all the reasons they hate our
products or all the reasons they wish they were different.” Doris

Engineering innovators who are User-Focused have developed skills and insights that
support their focus on the user rather than on technologies:
“People that are good at [understanding user needs] are very good listeners.
They empathize with people that they see that had this experience. They’re very
good at asking questions. They will ask questions about what do they not like
about their present circumstance, or what’s inconvenient about it in their present
circumstance. They watch people. They are careful not to jump to conclusions
without identifying very carefully what they have observed the person doing. They
take photographs and videos. And, they look for things that are inconvenient.”
Richard

“And often engineers have their own lens that has [developed] through their
years of experience and knowledge and that’s the lens that they view it through
and a true innovative person is able to view it through the lens of others and that
would be the end user, the customer, the chooser, the user, the business. So that’s
truly innovative when you can take what you know and what you’ve done and put
it through that lens [of others] and make something that delivers [to the user].”
Carol
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Understanding user needs is an iterative process and the importance of focusing on user
needs, as opposed to technology, is clear to an engineering innovator:

“It’s just a good sense of understanding people may have a problem or a gap and
do what I think of as drilling down and really understanding root causes and then
ultimately brainstorming to come up with ideas for solving it. [The people who do
this are] really good at spotting a problem that others, for whatever reason, have
just kind of passed by over and over again. [They decide] we’re going to listen to
customers, whoever’s the owner of the problems really well, and the journey is to
know the customer, the problem-owner, better than they know themselves. And, if
you commit to that it largely means you never stop.” David

“So, to me, the secret of innovation is to not box yourself in. It’s to understand
what the real problem is you’re dealing with and so often the symptoms or the
results of a problem are in front of you but you’ve got to be able to identify the
root cause of what it is.” Peter

And what are Gary’s goals? Gary wanted to make it through the day. He didn’t
want to feel stupid at work. And, he wanted to make enough money to bring home
a paycheck and not have to worry about the money at home. Those were his
fundamental goals as a human being. He referred to these kinds of technological
marvels as techno-garbage. When we got to know them better [they] confided
that they often would take pieces of techno-garbage, turn them over, [and] hit
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them hard enough on the shell or the case to smash the insides without cracking
the case so that they could then give it to their bosses and say, “Boss I don’t know
what happened. Another one of these pieces of techno-garbage isn’t working.”
Riley

“Being aware of what the customer needs are enables you [and] that’s really the
catalyst for me for innovation.” Aubrey

The consequences of not understanding user needs when introducing a new or improved
product or process were emphasized by engineering innovators:

“I’ll go watch painters for the day. I don’t know what I’m going to see. So you see
a painter on a five-gallon bucket and he’s doing what we call ‘the bucket walk.’
So, no ladder, no step stool, he just gets up on this five gallon bucket and he
wiggles to the next spot and he paints here, and then he wiggles to the next spot. I
just watch it. I’m like, ‘Huh, this is like the fifth [time that] I’ve seen [it] today.’
So, I’ll say, ‘I noticed a bunch of people are wiggling around on buckets. Tell me
what that’s about?’ And they’ll be like, ‘Oh yeah, you know, I’m too lazy to go get
my stool.’ If you talk to them right on the site sometimes they get defensive. ‘Well,
I don’t always do this just this one time I did.’ But if you talk to them outside of
their work away from their co-workers they’ll [say], ‘Oh my gosh, everybody
bucket wiggles.’ Doris
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“Edison built one thing early on his career that never saw the light of day; it was
a voting machine for Congress and everybody [in Congress] hated it. He realized
after he built it, yes it makes voting on the congressional floor more efficient, but
that’s not what Congress wants. What Congress wanted was [face-to-face]
communication. Edison [decided] at that point, ‘Oh, crap, I built something
clever. I built something interesting. I built something technically innovative and
no one wanted to use it. I’m never going to do that again.’ So, he became
myopically focused on the things he did [build] getting accepted.” Riley

User-focused engineering innovators make understanding user needs a priority.

4.5

Finding Four: Engineering Innovator Process Characteristics

4.5.1

Characteristics in the Beginning Stage of the Innovation Process

Based on the decision that at least 8 participants had to mention a characteristic to include
it in the beginning stage of the innovation process model, 11 engineering innovator
characteristics are identified with that beginning stage. These characteristics are the nonshaded rows in Table 4.2 below. Three other engineering innovator characteristics are
also close to being prevalent, challenger, persistent and self-reliant with mentions by 7 of
the 20 study participants. The number of quotes is not used in any way to determine or
select characteristics for any stages.
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Table 4.1 Characteristics in the Beginning Stage of the Innovation Process

NAME of characteristic
for analysis
Experimenter
Alternatives Seeker
Team Player/Networker
Analytical
Deep Knowledge
Active Learner/Curious
User Focused
Knowledge Integrator
Accepts Risk
Vision/Caring
Team Manager/Leader
Challenger
Persistent
Self-reliant
Developer
Creative
Market/Business Savvy
Passionate
Communications Skilled
Implementer

4.5.2

# PARTICIPANTS
18
18
18
16
20
19
12
18
19
19
19
18
16
16
17
16
16
17
18
17

#
QUOTES
57
67
118
70
117
132
59
66
83
120
106
89
57
93
73
60
57
44
75
60

STAGE A
PARTICIPANTS
12
12
10
10
10
9
8
8
8
8
8
7
7
7
5
5
5
5

STAGE A
QUOTES
26
20
23
21
14
33
32
17
15
13
11
21
11
9
9
9
7
6

Characteristics in the Middle Stage of the Innovation Process

Only one engineering innovator characteristic crosses the 8 participant mention threshold
in the middle stage and only six characteristics garner significant mentions as
characteristics that stand out about engineering innovators in this innovation stage.
Previously an engineering innovator developer was defined as someone who “prototypes
an idea and finds what works and what doesn't work. They continually change their
understanding or design of the innovation as they receive new feedback from testing,
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research, potential customers, collaborators/suppliers, or the marketplace. They are
adaptable and flexible and open to changing their innovation”.
Table 4.2 Characteristics in the Middle Stage of the Innovation Process

NAME of characteristic for
analysis
Developer
Communications Skilled
Team Manager/Leader
Market/Business Savvy
Analytical
Accepts Risk
Experimenter
Alternatives Seeker
Team Player/Networker
Deep Knowledge
Active Learner/Curious
User Focused
Knowledge Integrator
Vision/Caring
Challenger
Persistent
Self-reliant
Creative
Passionate
Implementer

4.5.3

STAGE B STAGE
# PARTI#
PARTIB
CIPANTS QUOTES CIPANTS QUOTES
17
73
13
39
18
75
7
22
19
106
7
9
16
57
5
14
16
70
5
10
19
83
5
6
18
57
18
67
18
118
20
117
19
132
12
59
18
66
19
120
18
89
16
57
16
93
16
60
17
44
17
60

STAGE C
PARTICIPANTS

STAGE C
QUOTES

5
6

8
12

7

10

5
14

5
45

Characteristics in the Final Stage of the Innovation Process

Only one engineering innovator characteristic crosses the 8 participant mention threshold
in the final stage and only five characteristics garner significant mentions as
characteristics that stand out about engineering innovators in this innovation stage.
Previously an engineering innovator implementer was defined as someone who “is a
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well-organized task driven individual who can be counted on to drive towards a project
goal. They are cognizant of time, budget, market and customer constraints and are
flexible and creative in finding ways to complete their innovation project.”
Table 4.3 Characteristics in the Final Stage of the Innovation Process

NAME of characteristic
for analysis
Implementer
Self-reliant
Market/Business Savvy
Team Manager/Leader
Passionate
Developer
Communications Skilled
Analytical
Accepts Risk
Experimenter
Alternatives Seeker
Team Player/Networker
Deep Knowledge
Active Learner/Curious
User Focused
Knowledge Integrator
Vision/Caring
Challenger
Persistent
Creative

STAGE B STAGE STAGE C
# PARTI#
PARTIB
PARTI- STAGE C
CIPANTS QUOTES CIPANTS QUOTES CIPANTS QUOTES
17
60
14
45
16
93
7
10
16
57
5
14
6
12
19
106
7
9
5
8
17
44
5
5
17
73
13
39
18
75
7
22
16
70
5
10
19
83
5
6
18
57
18
67
18
118
20
117
19
132
12
59
18
66
19
120
18
89
16
57
16
60

4.6 Finding Five: Unique Perceptions of Engineering Innovativeness
The yellow squares (light shading) in Table 4.5 show the number of times that a category
was mentioned in the interview by that participant. A number of mentions equal to or
greater than six was the heuristic for coding a square yellow. Green squares (dark
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shading) occur only when the number of mentions of a category by a participant was
zero. The columns in Table 4.5 contain all the participant mentions of these categories in
the interview. The rows contain all the mentions of a category across these 10
participants. The key to the row/category acronyms is in Appendix E. The 18 categories
and 10 participants were selected to illustrate the unique perceptions of engineering
innovativeness offered by each engineering innovator in the study sample.
Table 4.4 Number of Quotes by Characteristic for 10 Participants

KNOWACCUM
ALT
CHALNGR
PROBSOLVRCREATE
DEVLPR
IMPLMTR
KNOWINTEGR
NETWKR
TEAMINGEXPRMTR
MKTAWARE
PASSIONATE
PERSVR
OKFAIL
TEAMPLYR
COMM
VISN
ANALYTICAL

Riley
5
2
1
0
3
5
2
2
1
8
3
1
4
0
0
8
0
0
0

Rich
3
2
2
10
3
2
0
2
4
5
2
0
1
7
7
1
0
0
3

Toni
9
5
2
2
0
4
0
3
0
4
8
3
5
0
3
7
3
0
17

Ted
3
6
11
1
2
1
7
5
2
0
7
7
1
1
3
0
0
4
0

Dana
3
5
10
1
1
6
1
2
0
4
0
1
0
4
1
4
4
9
0

Ian
2
0
3
2
0
8
2
2
0
0
3
0
0
2
3
0
0
2
1

Ryan
3
6
1
0
4
2
0
5
2
6
2
3
2
4
12
1
2
5
3

Tarik
3
1
1
12
0
0
1
1
3
2
0
0
2
2
0
0
4
1
4

Carol
2
2
2
1
1
1
3
5
5
0
2
3
2
2
3
0
1
3
0

Peter
1
4
6
1
7
3
6
0
0
5
1
2
0
0
0
1
3
1
0

No characteristic was discussed 6 or more times by more than 3 of the 10 participants
(examine rows). Each participant described a characteristic 6 or more times for only 1 to
5 categories (examine columns) except for Carol and Tarik. Carol did mention
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KNOWINTEGR and NETWKR 5 times each. Some characteristics (rows) also were not
emphasized by any participant.
Figure 4.1 is a plot of the 19 categories and 4 participants with the number of mentions
for a category in an interview the position on the Y axis and the 19 categories occupying
the ordinal positions on the X axis. In Figure 4.1 each participant has different peaks than
another study participant, that is, the largest number of mentions of a category in an
interview was different for most other engineering innovators. No engineering innovator
emphasized the same characteristics as another engineering innovator. Appendix M
shows three different line plots covering 10 of the participants.
14

Characteristic Mentions

12
10
8
Ryan
6

Tarik

4

Carol

2

Peter

0

Figure 4.1 Line Plot of Number of Quotes by Characteristic for 4 Participants

Potentially more significant in this practical example of multiple realities is the fact that
some characteristics are simply not mentioned in the interview by some participants, that
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is, the number of mentions of a characteristic is zero. The data displayed in Tables 4.5
and 4.6 are taken from a prevalence matrix after all 20 interviews were coded so no
additional coding or recoding remained to be done. In other words there are no missing
characteristics that needed to be coded.
This unique emphasis on the distinguishing characteristics of an engineering innovator
represents the unique lived experience of each of our study participants and a
confirmation that these results are a socially co-constructed reality of the study
participants, the researcher and all the study collaborators.

4.7 Finding Six: Non-innovative Engineers
The non-innovative engineer was described by the study participants as they reflected on
the characteristics of the innovative engineer. Non-innovative engineers were described
by engineering innovators as: not collaborators and people who don’t challenge the status
quo. They were seen as someone who minimizes risk, is not persistent, thinks short term
and focuses on a narrow domain of knowledge or expertise rather than a broader more
diverse knowledge and skill base which would equip them to move the innovation all the
way to implementation..
Staying within the system, using established solutions and not collaborating with others
are hallmarks of the non-innovative engineer:

“I can describe people that don’t [innovate]. They tend to stay within the system,
and stay within the rules. They stick to their objectives and to an extent that they
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oftentimes can’t achieve their objectives because they’re not networking.” Aubrey

“In my perspective there [are] a lot of people that are just looking for established
solutions. They just want to execute what has been proven to work before. And
that’s fine for most things.” Toni

Minimizing risk is also a behavior tagged onto the non-innovative engineer and it is their
preferred way of approaching problems in that it is their mindset:

“I think very few people actually tolerate mistakes and failures. I think most
people see it as a setback versus using [mistakes and failures] as a jumping pad
to leap to what could be.” Carol

“Some people you can offer them 10 different ideas in 10 different meetings, and
nine out of ten, or maybe like nine and a half out of ten times the answer’s just
going to be, “No.” Here’s a reason why we shouldn’t do it. Here’s another
reason why. Did you think about that?” You know, even things that you can’t
think of a single reason why [we] can’t do it; they can think of a reason. It’s
because they’re very good at screening for the risks. And, they don’t want
deviations from [a] process that has been used before. If something is to be done,
they’re really going to say it has been done that way before and that makes it
okay to do it [that way] again. So there’s kind of that mindset.” Ian
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Non-innovative engineers give up easily and don’t have the tenacity to stay with support
of the innovation and overcome opposition or barriers to its’ development or
implementation:

“And someone says [to non-innovators] ‘Oh, that’s a great idea but it’s too
complex and too costly.’ They just shut that person down because [noninnovators] don’t have the tenacity to say ‘I’m going to go solve the complexity
and I’m going to go solve the cost problem.’ So diligence is a characteristic of
[innovators], working through problem after problem. Tenacity works [as a
descriptor] but it’s that follow-through [that makes the difference], realizing that
a problem’s not a showstopper. It’s just another problem.“ Tarik

Thinking longer term is a skill of the innovative engineer and its’ absence marks the noninnovative engineer:

“[Non-innovators] are the ones that cannot get out of the short-term, or say this
is the way we’ve always done things. I see that a lot ...whether they don’t see [the
value of the innovation], or they think it’s too much work. Gee, if I’ve got to
develop a whole supply chain, that’s too much work.” Ted
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A need for a diverse knowledge base across multiple domains is highlighted when
considering its’ absence in a non-innovative engineer:

“I think if someone is locked into one area of science and that’s all they learn. I
think that’s a detriment. They need the balance. They need the understanding. If
it’s a mechanical problem it doesn’t mean it’s a mechanical solution. If they
can’t look outside their mechanical domain of knowledge then how are they going
to find the solution?” Tarik

Non-innovative engineers are also seen as preferring to stay within their area of technical
expertise and not developing a broader perspective and this is seen as a major
impediment to participating in the later stages of the innovation process:

“If you’re going to ultimately convert an innovation into a commercial endeavor
you’ve got to approach it in a way of solving multi-functional, multi-department
kinds of issues. And that can be an inhibitor for a lot of people who are maybe
very creative but don’t know how to build an innovation that actually will have
traction. A small percentage of us maintain a network that is highly diverse.
Where a trait that most [engineers] have, 99% of the world, is we like hanging
out with people who are kind of like us. To be a successful innovator and
ultimately an entrepreneur, having a [diverse] network of people [is needed]. If
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I’m a technical person, knowing sales people, knowing marketing people,
knowing attorneys, know[ing] financial people, that’s not a comfort zone for
many technical people.” David

“[Developing the business proposition] is the hardest [part of the innovation
process] from an engineering perspective. And I’ve seen very few engineers that
are really good at it because often the engineers look [at innovation] through an
engineering lens. I truly believe that a really good engineer that’s innovative
needs to have market awareness and domain expertise. They need to be business
savvy. They need to have the ability to look at the invention or idea through the
lens of a business proposition. It’s not just about how strong or how fast or how
quick or what it costs. It’s about what does it ultimately mean to the end user?
What is the business proposition for the company? So the ability to look through a
business lens and find a way to create something that not only delivers [value] to
the end user but balances what the business proposition has to be [describes] a
true [engineering innovator].” Carol
The non-innovative engineer is risk averse, easily thwarted, and narrowly focused
on their area of expertise. They can be competent and hard-working but don’t think long
term and don’t develop a network or collaborate in ways that supports innovative
behavior by an engineer.
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4.8
4.8.1

Models of Engineering Innovativeness

Model One: Characteristics of Engineering Innovativeness

The Characteristics in Figure 4.2are listed in order of their prevalence. Prevalence is
defined as the number of participants who cited a category. The most often cited category
is shown at the top left and the less prevalent categories are listed moving to the right and
down.

Figure 4.2 Model One: Characteristics of Engineering Innovativeness
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4.8.2

Model Two: Characteristics of Engineering Innovativeness in the Engineering
Innovativeness Process

The number of participant mentions which determines prevalence is shown in Table 3.4
for the overall cloud Model One and for the stages of innovation Model Two clouds.

Figure 4.3 Model Two: Characteristics of Engineering Innovativeness in the Engineering
Innovativeness Process
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4.9 Summary of Findings
The definition of an innovation as something new, useful and adopted was accepted by
all study participants. The assumption that there are multiple stages to the innovation
process was also widely accepted with definitions or customs causing a definitional
debate as to how many stages there may be to discover, develop and implement as
innovation. Study participants also noted that the number or length of innovation stages
was dependent on the context and the complexity of the innovation.
There were many characteristics of an engineering innovator cited by study participants
but five engineering innovator characteristics stood out:
Deep Knowledge
Active Learner/Curious
Vision/Caring
Team Manager/Leader
Risk Taker
In the innovation process the beginning phase was cited as a complex situation with as
many as eleven characteristics influencing the discovery of an innovation including a
user-focus, a characteristic that did not appear as prevalent in the overall engineering
innovativeness-Model 1. In the middle and final stages of the innovation process only one
characteristic was prevalent, Developer and then Implementer respectively. The
Developer and Implementer characteristics are in themselves robust descriptions with
several facets to each of their definitions.
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The different emphasis cast by each engineering innovator expounding their view on
engineering innovativeness emphasized the multiple ways or combinations of
characteristics which enable an engineer to be or to become innovative. There are also
many paths or options to being or becoming a non-innovative engineer. Models 1 and 2
of engineering innovativeness place the golden ring of engineering innovativeness where
engineers or managers or teachers of engineers might catch that golden ring as they go
around the carousel of life.
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CHAPTER 5 DISCUSSION AND IMPLICATIONS

5.1 Introduction to Discussion and Implications
This study focuses on the set of individual characteristics (knowledge, skills, and
attributes-KSAs) that enable engineers to translate their ideas into innovations that
benefit society and how those individual characteristics vary across stages of the
innovation process. This chapter is organized around the seven findings presented in
Chapter 4 Findings. Findings are first summarized and then their implications are
discussed relevant to prior research and their contribution to knowledge about
engineering innovativeness. Future research ideas are presented at the close of this
chapter. The seven findings are:
Finding One; Definition of an Innovation: Engineering innovators defined an innovation
as an improvement in a product or process that has value to users of the product or
process and that is implemented sustainably or profitably in a community or marketplace.
Finding Two; Definition of the Innovation Process: Engineering innovators defined the
innovation process as having at least two distinct stages, the front-end or discovery and
development stage and back-end or implementation and adoption stage. Specific
innovations were described as simple one-step to complex many-step processes.
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Finding Three; Characteristics of the Engineering Innovator: Collectively engineering
innovators identified 20 characteristics that addressed the research question: “What is the
set of individual characteristics (knowledge, skills, and attributes) that enable engineers
to translate their ideas into innovations that benefit society?” Engineering innovator
characteristics identified in the analysis of participant data are presented in Table 3.5. The
most often mentioned characteristics are presented in Table 3.5 in the decreasing order of
their mentions by number of participants but that does not assign significance to one
characteristic over another. All of these characteristics were deemed important by several
engineering innovators.
Finding Four; Stages of the Innovation Process: Based on the decision that at least 8
participants had to mention a characteristic to include it in a stage of the innovation
process model, 11 engineering innovator characteristics were identified with the
beginning stage (Stage A) of the innovation process: Experimenter, Alternatives Seeker,
Team Player/Networker, Analytical, Deep Knowledge, Active Learner/Curious, User
Focused, Knowledge Integrator, Risk Taker, Vision/Caring and Team Manager/Leader.
Seven other characteristics were mentioned by fewer than 8 participants as associated
with stage A: Challenger, Persistent, Self-reliant, Developer, Creative, Market/Business
Savvy and Passionate.
Only one engineering innovator characteristic, Developer, had 8 participant mentions in
the middle stage (Stage B) of the innovation process. Five characteristics garnered
mentions for that stage by fewer than 8 participants: Communications Skilled, Team
Manager/Leader, Market/Business Savvy, Analytical and Risk Taker.
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Only one engineering innovator characteristic crossed the 8 participant mention threshold
in the final stage (Stage C) of the innovation process, Implementer. Four other
characteristics garnered mentions in this innovation stage: Self-reliant, Market/Business
Savvy, Team Manager/Leader and Passionate.
The number of quotes which referred to a characteristic had no significance in the
selection of characteristics for stages of innovation.

Table 5.1 Mentions of Characteristics in the Stages of the Innovation Process

NAME of
characteristic for
analysis
Experimenter
Alternatives Seeker
Team
Player/Networker
Analytical
Deep Knowledge
Active Learner/Curious
User Focused
Knowledge Integrator
Accepts Risk
Vision/Caring
Team Manager/Leader
Challenger
Persistent
Self-reliant
Developer
Creative
Market/Business Savvy
Passionate
Communications
Skilled
Implementer

Mentions
Stage A
participants
12
12

Quotes

10
10
10
9
8
8
8
8
8
7
7
7
5
5
5
5

23
21
14
33
32
17
15
13
11
21
11
9
9
9
7
6

Stage
A
26
20

Mentions
Stage B
participants

Quotes

5

10

5

6

7

9

Stage
B

13

39

5

14

7

22

Mentions
Stage C
participants

Quotes

5

8

7

10

6
5

12
5

14

45

Stage
C
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Finding Five; Unique Individual Perceptions of Engineering Innovativeness: Each
engineering innovator uniquely described the characteristics of an engineering innovator.
This unique description was also true for descriptions of themselves. The occurrence of
unique descriptions is consistent with a socially constructed reality and was expected in
our study results (Jablokow, et al., 2012).
Finding Six; Non-innovative Engineers: Non-innovative engineers were described by
engineering innovators as: people who fail to challenge the status quo and who are not
collaborators. They were seen as someone who minimized risk, as not persistent, thinking
short-term and focused on a narrow domain of knowledge or expertise rather than a more
diverse knowledge and skill base.
Finding Seven: Models of Engineering Innovativeness:

Figure 5.1 Model One: Characteristics of Engineering Innovators
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Figure 5.2 Model Two: Characteristics of Engineering Innovativeness in the Engineering
Innovativeness Process

5.2 Discussion of the Definition of an Innovation
In this study engineering innovators described an innovation as something new or novel
that has value and is used, adopted or accepted in the marketplace. They categorized
changes in products or processes as being more or less innovative and described some
changes in products or processes as different types of innovation. Engineering innovators
saw innovations as requiring hard work and also did not consider ideas that were not
implemented as innovations.
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5.2.1 Comparison to Existing Theory
Joseph Schumpeter is credited by many with authoring the first published definition of
innovation in 1934 in which he labeled innovation ‘creative destruction.’ Schumpeter
described five types or sources of innovation and he saw innovation as being potentially
either disruptive or incremental (OECD, 2005). Schumpeter’s innovation types were:
new products, new methods of production, new markets, new sources of supply or new
market structures in an industry.
Peter Drucker, on the other hand, defined innovation broadly as “an economic or social
[change] not [just] a technical [change] and equivalent to J.B Say’s definition around
1800 of entrepreneurship as changing the value and satisfaction obtained from resources
by a consumer.” (Drucker, 1986, p. 33). More recently the Office of Economic and
Corporate Development of the European Union (OECD) in its’ publication, The Oslo
Manual: Guidelines for Collecting and Interpreting Innovation Data, defined innovation
in terms of product or process changes made to improve business performance (OECD,
2005). The Australian Bureau of Statistics in its survey on innovation by businesses in
Australia also defined innovation as:

“An innovation is any new or substantially improved good or service which has
been commercialized, or any new or substantially improved process used for the
commercial production of good or services” (M. Rogers, 1998).

Generally an innovation is understood as the “implementation of a new or significantly
improved product (good or service), or process, marketing method, or organisational
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method in business practices, workplace organisation or external relations” (Ferrari, et
al., 2009)
Scott Berkun the author of The Myths of Innovation debunks the idea that innovations are
easy to uncover as opposed to hard work although he maintains that society wants to
believe that they come from some kind of magical (aha) moment or epiphany. Berkun
explains that the quest for epiphany is why the Greeks had so many Gods of new ideas
(nine says Berkun) (Berkun, 2010, p. 5). Berkun gives the example that “any seemingly
grand idea can be divided into a series of smaller previously known ideas. The Internet
required nearly 40 years of innovations in electronics, networking, and packet switching
software before Tim Berners-Lee used it to create the World Wide Web” (Berkun, 2010,
p. 7).
The aha moment was also debunked by engineering innovators like Pierre:
“One myth I’d like to dispel [and]I have scores and scores of U.S. patents. This
idea that creative ideas are like a bolt of lightning [when] you’re on the road to
Damascus and whack, life’s never the same after that. Well, maybe one or two of
them I was in a meeting and I seemed to get some kind of an insight. The
overwhelming majority of them, the metaphor I like to use [for coming up with the
idea,], it’s more like one of these complex jigsaw puzzles. They’re all put together
[in a bag] where you don’t know what you’re looking at”. Pierre

Another myth dispelled in innovation literature is that an invention is an innovation.
“Invention is defined as the creation of new ideas, artifacts, processes or methods”
(Denning & Dunham, 2010, p. 6). Peter Drucker (1985) reported that only 1 in 500 U.S.
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patents recorded at the U.S. Patent Office even returned as much as the investment made
in it. Harold Evans studied 75 innovations and reported that almost always the innovators
were not the inventors related to the innovations. (Denning & Dunham, 2010)
Frans Johansson author of a recent book on innovation, The Medeci Effect, gives credit to
Teresa Amabile for this succinct and current definition of an innovation: “new, valuable
and realized” (Amabile, 1996b; Johansson, 2006). Csikszentmihalyi also defines
creativity with much the same words and certainly the same meaning as Amabile’s
innovation definition:
“Creativity is any act, idea or product that changes an existing domain or that
transforms an existing domain into a new one. A creative person is someone
whose thoughts or actions change a domain or establish a new domain”
(Csikszentmihalyi, 1996, p. 28)
While the overlap with Csikszentmihalyi’s defintion of creativity appears troublesome it
is actually a confirmation of the definition of an innovation: an innovation must change a
domain.

Another confirmation of the innovation definition is found in participant comments from
the pilot study conducted for this study:
“So, innovation is about new value. It’s some sort of new improvement.
Innovation can also meet a need. It creates value. It meets a need and it’s
measurable.” Alfred (pilot study participant)
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David emphasized the acceptance by the market as a key criterion of an innovation:

“My definition of innovation is something that’s new and novel and ….very much
along with the definition of a patent, the legal definition. But more importantly
the new and novel aspect of something innovative being new and novel is that the
market, in fact, determines if it’s innovative or not. To develop something new and
novel that’s accepted by the market is my definition of innovation…it’s not
innovative by my definition if it’s not brought to the market and the market
accepts it.” David (pilot study participant)

Peter Denning also provides a succinct definition of innovation that encapsulates all these
different versions: “Innovation is the adoption of new practice in a community” (Denning
& Dunham, 2010, p. 6)

5.2.2 Implications
Engineering innovators defined an innovation in the same terms and with similar nuances
as found in the business and science literature. Therefore, this study did not investigate a
new phenomenon, rather there was agreement and understanding among experienced
engineering innovators in this study and in contexts outside engineering, like business
and science, on what constitutes an innovation: something new, with value, that is
implemented and used.
Borrowing from Csikszentmihalyi: “An [innovative] person, [an engineering innovator],
is someone whose thoughts or actions change a domain or establish a new domain”
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(Csikszentmihalyi, 1996) or from Denning “Innovation is the adoption of new practice in
a community”(Denning & Dunham, 2010). Engineering innovators in this study agreed
with Csikszentmihalyi and Denning and accomplished or witnessed those domain or
community practice changes during their lived experiences which they shared in the
interviews.
In contrast there are engineers or managers who feel an idea or an invention is an
innovation. They invest energy and resources based on those false assumptions.
Engineering innovators in this study were not confused by these myths and are less likely
to invest resources based on these false assumptions:

I think what differentiates engineering innovations that you’ve got to be able to
execute it. You’ve got to be able to implement it, in addition to coming up with the
idea.” Edward

5.3 Discussion of the Definition of the Innovation Process
There was agreement among engineering innovators in this study that there is a process
for creating an innovation that has stages and that the stages of the innovation process can
vary by context or type of innovation. Engineering innovators described an innovation
process as having a front-end stage that includes both a creative, idea generation phase
and then a development phase that includes a feasibility analysis and proof of concept
testing. This first stage is followed by a back-end sell, build and implement the product or
process stage.
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Specific innovations were be simple one step or complex many step processes.
Engineering innovators were often deployed in the corporate and academic worlds in the
front-end of the innovation process as evidenced by the corporate participants in the
study sample. On the other hand entrepreneurs who were engineering innovators in this
study worked on the front-end or back-end or both stages of the innovation process as
Drucker noted they “shift[ed] resources from areas of lower productivity and yield to
areas of higher productivity and yield”. (Drucker, 1986, p. 28)
5.3.1 Comparison to Existing Theory
The process of innovation has been defined by others as having distinct stages. These
stages are outlined by Kanter and Scott among others coming from a business perspective
as problem recognition, problem sponsorship and producing a model that can be
experienced and turned into productive use or mass produced:

“Innovation begins with problem recognition and the generation of ideas or
solutions, either novel or adopted. During the next stage of the process, an
innovative individual seeks sponsorship for an idea and builds a coalition of
supporters for it. Finally, the innovative individual completes the idea by
producing "a prototype or model of the innovation that can be touched or
experienced, that can now be diffused, mass-produced, turned to productive use,
or institutionalized" (Kanter, 1988: 191).” (Scott & Bruce, 1994)
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Ford, coming from an economist’s perspective and referring to the work of Johnson and
Gold, defines the innovation process as having three stages that are illustrated in Figure
5.3:
“The first stage, which we refer to as Stage 1, consists of basic research. The final
stage, Stage 3, consists of the commercialization and diffusion of a new product
or service. Stage 2, generally consists of transforming a “discovery” or “idea”
generated by basic Stage 1 research into a potentially marketable product or
service. We consider the sequence to move in one direction from early to later
stages.” (George S. Ford, Thomas M. Kousky, & Lawrence J. Spiwak, 2007;
Gold, 1981; Johnson, 1966)

INNOVATION

Particular engineering domain (e.g., EE, ME, ChemE, etc.)

Figure 5.3 Johnson and Gold’s Innovation Sequence

Sorensen discusses the stages of innovation from a science and engineering perspective
and he and his coauthors considered the use of experimental methods in innovation
research and he found the innovation process usually presented as a linear set of steps:
“Innovation processes include the search for, discovery of, experimentation with,
development of, imitation, and adaptation of such new products, services,
production processes, etc. (Dosi, 1988). The innovation process was – and often
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still is – presented as a sequence of consecutive stages of search, selection,
development and implementation.”(Sørensen, Mattsson, & Sundbo, 2010)

Equally important Sorensen raises an issue that several engineering innovators also
discussed, ‘there is no simple one-size-fits-all innovation process’.

“It is only in more recent innovation theory that innovations are recognised to
involve more complex and disorderly interactive processes (Fischer, 1999). The
roles of interactivity, interrelatedness and interdependency have now become
central in an array of innovation theories. A number of these additionally
consider the role of culture and geography in innovation. This development of
innovation theories has been interpreted as paradigmatic shifts from an
entrepreneur paradigm, which saw innovation as based on individual efforts, to a
techno-economic paradigm where innovation was considered the domain of large
companies’ laboratories, to a strategic paradigm which saw customer demands
and needs in combination with strategic decisions as the driver of innovation
(Sundbo, 1995).” (Sørensen, et al., 2010)

Recently entrepreneurial engineering was defined by a group of engineers and educators
as having three phases that resemble the definitions of stages of the innovation process as
shown in Table 5.3 (Entrepreneurial Engineering Retreat Group, 2013).
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Table 5.2: The Stages of Entrepreneurial Engineering
Discover
Develop
Deploy and Sustain

Identify a significant need or opportunity that engineering tools,
processes or concepts can address.
Define and generate/establish an economically viable product,
process or system that addresses the discovered need.
Launch and stabilize a scalable and sustainable solution to the
developed need.

These definitions of stages of entrepreneurial engineering are an example of the
definitional overlap that exists between the definitions of the phases of innovation and the
phases of entrepreneurship. Peter Drucker touched on this overlap when he defined
entrepreneurs as individuals who “create something new, something different, they
change or transmute value.” “The entrepreneur is always searching for change [or a
need], responds to it, and exploits it as an opportunity”. (Drucker, 1986, pp. 22,28) which
is a close match to a description of an engineering innovator.
Dyer et al. describe a 2-phase innovation process model which starts with a discovery
phase, includes start-up and growth stages and is followed by a delivery phase of the
innovation that consists of maturity and decline stages (Dyer, Gregersen, & Christensen,
2011b, p. 35). Discovery and delivery together are presented as the business life cycle for
an innovation.
All of the previous definitions of the innovation process are examples of one kind of
innovation model, albeit the most popular innovation model: the pipeline or linear
process innovation model. Denning organized a taxonomy of the literature of innovation
and identified seven models of innovation, meaning a way of thinking about an
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innovation and the innovation process (Denning & Dunham, 2010, p. 53). Table 5.4
summarizes these seven innovation models.
Table 5.3 Models of Innovation (Denning & Dunham, 2010)
Level
Mystical

Process

Leadership

Generative

Innovation as… Models
Good fortune,
Inspirational
luck, magic
stories of
innovators
(Billington,
1996)
Process that can Pipeline
be managed
(Kline &
Rosenberg,
1986)
Change in
Sources
practice
(Drucker, 1986)
brought about
by leadership
strategy or
action
Individual skill History making
of achieving
by innovators
adoption of a
(Spinosa, Flores,
new practice in & Dreyfus,
a community
1997)

Diffusion (E.
M. Rogers,
1962)
Learning
networks
(Schon, 1971)

Traits and
virtues (Gilder,
1992)

Mystical models are useful, according to Denning, as stories to be analyzed to identify
innovator characteristics and to inspire other innovators to work hard and persist. The
main drawback of mystical models is the inherent assumption that ideas are the source of
innovations. Several researchers according to Denning have established that new ideas
are a poor source of innovations as they researched the sources of innovations (Denning
& Dunham, 2010, p. 60; Drucker, 1986; Kline & Rosenberg, 1986). Mystical models
also assume that innovations are created by luck or the natural talents of the innovators,
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an assumption that Denning and Berkun argue is false.(Berkun, 2010; Denning &
Dunham, 2010).
Process Innovation models and their variants (Pipeline and Diffusion) are important
because of their widespread adoption and influence in corporate organizations (Denning
& Dunham, 2010, p. 74). Many of our study participants work/worked in organizations
which viewed or managed innovation as a process. Pipeline models which describe
innovation as a step-by-step process explain a few innovations according to Denning but
fall short of explaining the majority of innovations (Denning & Dunham, 2010, p. 61).
Everett Rogers’ Diffusion model describes how innovations are communicated and
adopted by members of a social system and is similar to the pipeline model in that it
assumes ideas are the source of innovation and that there are stages to the innovation
process (Denning & Dunham, 2010; E. M. Rogers, 1962).
Denning next reviews the three types of leadership innovation models: the Sources Model
(Drucker, 1986), the Learning Network Model (Schon, 1971) and the Traits and Virtues
Model (Gilder, 1992). Drucker’s Sources of Innovation model focuses on how and where
innovations are found. Schon explained innovation by framing the diffusion model
around how a social network learns and responds to change as it seeks to maintain its
equilibrium. Gilder’s leadership model looks at the traits of leaders that induce innovative
behavior in themselves or in the communities that they lead (Denning & Dunham, 2010,
p. 74). Gilder’s Traits and Virtues leadership innovation model is targeted at the same
questions addressed in this study but the Drucker and Schon’s models are addressing
questions other than identifying individual engineering innovator characteristics.
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Denning defines Generative Innovation Models as models which define the practices of
individuals which generate innovative actions. These models are also called History
Making Models because as the innovator “ finds ways to change a community’s thinking
or practices and gets the community to adopt new thinking or practices, they are changing
the course of history” (Denning & Dunham, 2010, p. 73; Spinosa, et al., 1997)…
Generative innovation models are aimed at the same general target as is this study,
identifying the characteristics of all types of innovators not just engineering innovators.
The generative level of individual innovation skills is where Denning and Dunham have
focused their research and they have interviewed and studied hundreds of innovators.
Generative innovation models map the practices (or characteristics) of innovators which
and are an analog of this study.
5.3.2 Implications
Engineering innovators agreed with economists, science researchers and entrepreneurs
that the innovation process has discovery and development stages and implementation
and adoption stages. What facts, actions or decisions constitute a specific innovation
stage was a definitional decision determined arbitrarily or by the context in which an
engineering innovator worked or lived. Engineering innovators also agreed the adoption
of the innovation not just the creation of the original idea was critical.

Generative and leadership innovation researchers are studying innovator characteristics
or practices and their research provides benchmarks against which these study results
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were compared. Similarities or differences between innovator practices and engineering
innovator practices were also identified.

5.4 Discussion of Characteristics of the Engineering Innovator
The descriptions of engineering innovator characteristics were grounded in the participant
data collected from engineering innovators. Table 3.1 contains a demographic overview
of these study contributors and Appendix D contains the persona descriptions of every
engineering innovator study participant. There are 19 characteristics that are part of
Model One that addresses the research question: “What is the set of individual
characteristics (knowledge, skills, and attributes) that enable engineers to translate their
ideas into innovations that benefit society?” Twelve of these characteristics descriptions
also are a part of Model Two along with one other engineering characteristic, User–
Focused. Model two addresses the research question: “How do these individual
characteristics which enable engineers to be innovative vary across stages of the
innovation process?” Engineering innovator characteristics are presented in the
descending order of the number of participants that mentioned that characteristic. The
number of participant mentions of engineering characteristics is shown in Table 3.4 and
the summary definitions of engineering innovator characteristics are shown in Table 3.5.

5.4.1 Comparison to Existing Theory
Recently published research on innovative skills, the work of Dyer, Gregersen and
Christensen, The Innovator’s DNA, published in 2011 discusses data collected from 500
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innovators and 5,000 business executives (Dyer, et al., 2011b). In The Innovator’s DNA
Dyer describes five basic innovator discovery skills:


Associational thinking: synthesizing and connecting fields that others find
unrelated



Questioning: consummate questioners who show a passion for inquiry



Observing: carefully watching the world around them



Networking: finding and testing ideas through a diverse network of individuals



Experimenting: constantly trying out new experiences and piloting new ideas

These five discovery skills are placed in a model, Figure 5.4, for generating innovative
ideas with two other factors the ‘courage to innovate’:(Dyer, et al., 2011b, p. 27)


Challenging the status quo



Taking Risks
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Figure 5.4 The Innovators DNA Model for Generating Innovative Ideas
Figure 5.4 shows the Dyer et al. model skills for what this study called characteristics in
the beginning stage of innovation. Table 5.6 compares the Dyer et al. seven discovery
skills to the beginning stage characteristics identified in this study by engineering
innovators. Next in Table 5.6 the four delivery skills of the Innovator DNA model are
matched to the developer and implementer Stage B and C engineering innovator
characteristics.
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Table 5.4 Comparison of The Innovator’s DNA’s Innovator Skills and the Engineering
Innovator Characteristics
Dyer et al. Discovery skills

Stage 1 Engineering Innovator Characteristics

Associational thinking: synthesizing and
connecting fields that others find unrelated

Knowledge Integrator: “Lateral, non-linear
thinker, associative thinker”

Associational thinking + Deep expertise

Deep Knowledge: “Has depth and breadth of
knowledge and experience, shares knowledge
with others”
Active Learner/Curious: “Asks
questions/curious - with a love of learning”
User Focused: “Empathetic, aware of a
customer need, focus on the customer”
Networker/Team Player: “Has a network of
collaborators [who have deep knowledge]”
Experimenter: “Doer, ready to try something,
makes abstract concrete”
Challenger: “Willing to do things differently,
challenger of status quo.”[only 7 mentions]
Risk Taker: “Accepts risk, willing to take
risks, not afraid to fail”
Unmatched characteristics
Alternatives Seeker: “Seeks alternatives,
thinks/looks beyond what they know”
Vision/Caring: “Thinks longer term, wants to
make a contribution
Team Manager/ Leader: “Create(s) a shared
direction that other people adopt and work
together to make it happen”
Analytical: “Meticulous and careful
examination of the problem”

Questioning: consummate questioners who
show a passion for inquiry
Observing: carefully watching the world
around them
Networking: finding and testing idea through
a diverse network of individuals
Experimenting: constantly trying out new
experiences and piloting new ideas
Challenging the status quo
Taking Risks

Dyer et al. Delivery skills
Analyzing
Planning
Implementing
Self-disciplined executing

Stage B, C Engineering Innovator
Characteristics
Developer: “Develops idea, prototypes, finds
what works, what doesn't”
Implementer: “Gets tasks done, reliable, detail
oriented”
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There is no segregation of data reported between engineers and non-engineers in Dyer et
al.’s research. Four engineering innovator characteristics are not directly matched
(Alternatives Seeker, Vision/Caring, Team Manager/ Leader and Analytical) between the
two models. In the language used by Dyer et al. to describe the behavioral and cognitive
skills in their model and the engineering innovator in vivo characteristic descriptions
there is an overlap of definitions and meanings between the Dyer model’s skills and
engineering innovator characteristics.
Tom Kelley in his book, The Ten Faces of Innovation, takes a different wholistic
approach and defines ten personas of the innovator based upon the hundreds of
companies with whom IDEO, the innovation consulting firm that Kelly leads, has advised
on innovation. Kelly’s innovator profiles focus on the front-end or discovery process of
innovation. Table 5.7 compares each of Kelly’s ten personas to one or more of the
engineering innovator characteristics. The comparison in Table 5.7 matches innovator
personas from IDEO and the engineering innovator study characteristics. Kelly also
explains that multiple personas can and do exist in one person as engineering innovators
also observed regarding engineering innovator characteristics and multiple study
characteristics are likewise mapper to the IDEO personas.
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Table 5.5 Comparison of IDEO’s Ten Faces of Innovation Personas Mapped to
Engineering Innovator Characteristics
Ten Faces of Innovation

Anthropologist: observes, asks, watches,
learns, trys
Experimenter: makes abstract concrete,
prototypes
Cross Pollinator: has T shaped knowledge,
kindles diversity, always learning
Hurdler: overcomes barriers, never quits
Collaborator: brings eclectic groups
together, leads from the middle, learns
from others
Director: gives center stage to others, rises
to tough challenges
Experience Architect: designs compelling
user experiences
Set Designer: creates a new stage for
innovation to flourish
Caregiver: builds relationships, develops
expertise, customer centric
Storyteller: shares compelling narratives
that communicate a fundamental value

[Intuitive] Mapping of Engineering
Innovator Characteristics to the Ten
Faces Personas
Active Learner/Curious, Analytical, User
Focused
Experimenter, Developer
Knowledge Integrator, Alternatives Seeker,
Deep Knowledge, Active learner/Curious
Persistent, Alternatives Seeker
Networker/Team Player
Team Manager/Leader
Team Manager/Leader, Passionate
User focused, Alternatives Seeker
Team Manager/Leader, Challenger
User focused, Vision/Caring, Analytical,
Challenger
Communications Skilled, Vision/Caring

Denning and Dunham in their book, The Innovator’s Way: Essential Practices for
Successful Innovation, present a generative model of eight innovation practices (Denning
& Dunham, 2010). Their innovation practices model was developed though years of
research on and collaborations with innovators. This generative model of innovative
practices is compared to specific engineering innovator characteristics in Table 5.7.
Denning and Dunham focused their innovation practices in part on Rogers and Schon’s
adoption and networking models more than a pipeline innovation model that was the
primary basis of the engineering innovators’ reflections in this study. The engineering
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innovator characteristics from this study are intuitively mapped by the researcher onto
Denning’s innovation practices to mark the correspondence between the two schema.
Table 5.6 Comparison of the Innovator Practices Model of The Innovator’s Way to
Engineering Innovator Characteristics
The Innovator’s Way Innovation
Practices

Intuitive Mapping of Engineering
Innovator Characteristics to Facets in
Denning’s Innovation Practices

Observing: notice, be aware, attending,
assessing
Sensing: source checking, learning with
inquiry, speculating, sensing
Envisioning: a practice of written or oral
storytelling, use life struggles, engage
listener
Offering: making an offer, responding to
listener, setting path to outcome
Adopting: understand needs of and listen to
network, deal with resistance, recruit
supporters
Sustaining: integrate and enable the new
practice in the community, maintain and
support the value of the practice, deal with
resistance
Executing: managing conversations on
action, goals, trust, satisfaction
Leading: engage others, inspire others ,
produce value
Embodying: manage listening, reflecting
and changing to embody the new practice
in the community

Active Learner/Curious, User Focused,
Analytical, Creative
Active Learner/Curious, User Focused,
Alternatives Seeker, Creative
Communications Skilled, Vision/Caring,
Team Manager/Leader
Communications Skilled,
Team Manager/Leader
Team Manager/Leader, Persistent, Active
Learner/Curious,
Developer, Implementer, Persistent,
Market/Business Savvy

Team Manager/Leader, Implementer,
Team Manager/Leader, Vision/Caring,
Implementer,
Team Manager/Leader, Challenger,
Market/Business Savvy

Mihalyi Csikszentmihalyi interviewed 91 of what he considered the most creative people
on this planet who had over the course of their lives distinguished themselves in their
careers by their creative accomplishments. Among his many discoveries was that
“genuine creative accomplishment was almost never the result of a sudden insight, a
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lightbulb flashing on in the dark, but came after years of hard work” (Csikszentmihalyi,
1996). This same sentiment was echoed in the interviews of engineering innovators.
Csikszentmihalyi’s work is relevant to our investigation of innovation and innovative
behavior of engineers because his definition of creativity, as was previously noted, is
equivalent to this study’s definition of an innovation: “Creativity is any act, idea or
product that changes an existing domain or that transforms an existing domain into a
new one.”(Csikszentmihalyi, 1996)
Csikszentmihalyi described the 91 creative interviewees in terms of “pairs of antithetical
traits that were integrated with each other in a dialectical tension” in many of his
participants. No one participant possessed all the traits or any pair of traits in the same
measure as another participant. These traits are described in Table 5.7 below and
intuitively mapped to engineering innovator characteristics.
Table 5.7 Intuitive Mapping of Engineering Innovator Characteristics to Traits of
Creative People.(Csikszentmihalyi, 1996)
Csikszentmihalyi Creative Traits
Possesses a great deal of creative energy
but often is quiet and at rest
Smart and curious but also naïve at the
same time, a divergent thinker
Playful, explores ideas but disciplinedpersistent, dogged
Good imagination but grounded in
practicality
Extroverted and collaborative and
introverted and focused
Humble and thinking of their next project
and proud but know “they stand on the
shoulders of giants”.

Intuitively Mapped Engineering
Innovator Characteristics
Creative
Active Learner/Curious and Creative
Experimenter, Risk Taker and Persistent
Alternatives Seeker and Business/Market
Savvy
Communications Skilled and Analytical
Vision/Caring and Networker/Team Player
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Table 5.7 Continued
Aggressive and nurturing, Sensitive and
Rigid
Traditional and conservative, rebellious
and independent
Passionate and Objective
Exposed to suffering and pain and
enjoyment

Analytical and Team Manager/Leader
Deep Knowledge and Challenger, SelfReliant
Passionate and Developer, Implementer

Pistrui et al. studied 313 entrepreneurially minded practicing engineers (EME) in 2011 to
identify characteristics of these practicing engineers to incorporate in engineering
pedagogy at the collegiate level in order to improve their entrepreneurial/innovation
mindset (Pistrui, Layer, & Dietrich, 2013). The characteristics chosen for the EME
analysis were drawn from personal and professional assessment factors obtained from
validated surveys provided Target Training International and identified in entrepreneurial
literature. This Structural Equation Modeling analysis study was implemented though an
online survey with a hypothesized 33 manifest behavior, motivation or skills variables.
These 33 hypothesized variables were reduced to the 19 manifest variables shown in
Figure 5.5 below through statistical tests of the survey responses. The acronyms
definitions are listed in Table 5.8 below.
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Figure 5.5 Entrepreneurially Minded Engineers Structural Equation Model (Pistrui, et al.,
2013)
“The EME SEM, Figure 5.5, is the graphical representation of the model’s estimated
standardized path regression weights and variable squared multiple correlations. All path
coefficients were statistically significant (p = .02). The 19 variable Cronbach’s alpha
yielded a standardized α = 0.761 which is close to the desired reliability of α = 0.8,
therefore providing an acceptably reliable dataset.” (Pistrui, et al., 2013)
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Table 5.8 SEM Manifest Variable Acronym Definitions and Intuitive Mapping to
Engineering Innovator Characteristics (Pistrui, et al., 2013)
Skill Competency
Code
Analytical Problem Solving (AN)
*Conflict Management
(CO)
Continuous Learning
(CL)
**Creativity/Innovation
(CR)
Customer Service
(CU)
*Decision Making
(DE)
Diplomacy
(DI)
Empathy
(EP)
*Employee Development
(EM)
**Flexibility
(FL)
**Futuristic Thinking
(FU)
**Goal Orientation
(GO)
**Interpersonal Skills
(IN)
**Leadership
(LE)
Management
(MA)
*Negotiation
(NE)
**Personal Effectiveness
(PE)
**Persuasion
(Per)
**Steadiness
(S)
Compliance
(C)
* indicates the trait was one of the 19
remaining manifest variable in the SEM
model.

Planning/Organizing
**Presenting
Self-Management
Teamwork
Written Communication

(PL)
(PR)
(SE)
(TE)
(WR)

Motivation
*Theoretical
Aesthetic
Traditional
**Individualistic
*Social
*Utilitarian

(TH)
(AE)
(TR)
(IN)
(SO)
(UT)

Behavior
*Dominance
(D)
Influence
(I)
** indicates the trait intuitively maps
onto the engineering innovator
characteristics identified in this study
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Entrepreneurial attributes used in educational and financial assessments provide another
type of comparison model to engineering innovativeness. Oosterbeek et al. used a Dutch
test for entrepreneurial competencies, ESCAN. in research conducted on students
involved in entrepreneurship curricula (Ferguson & Ohland, 2012; Oosterbeek, 2010).
ESCAN measures seven competencies and three skills required for successful
entrepreneurs and is widely used in the Netherlands by banks and educational institutions
to help manage entrepreneur loan programs or assess entrepreneur educational programs.
ESCAN’s entrepreneurial characteristics are intuitively mapped to engineering innovator
characteristics identified in this study.
Table 5.9 Entrepreneur Characteristics (Oosterbeek, 2010).
Entrepreneur Characteristics
Need for achievement. Entrepreneurs
strive for performance and compete
Need for autonomy. Entrepreneurs desire
the ability to resolve their problems and to
bring activities to a successful end on their
own
Need for power. Power is the need to have
control over others to influence their
behavior..
Social orientation. know that connections
with others are required to realize their
ideas.
Self efficacy. Entrepreneurs are usually
convinced that they can bring every
activity to a successful end.
High degree of endurance. Successful
entrepreneurs have an ability to persist, in
spite of setbacks or objections.
Risk taking propensity. Able to deal with
uncertainty and are willing to risk a loss.

Intuitive Mapping of Engineer Innovator
Characteristics
Self-Reliant
Self-Reliant, Persistent

Team Manager/Leader

Networker/Team Player
Team Manager/Leader

Persistent
Alternatives Seeker
Risk Taker,
Experimenter, Developer
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Table 5.9 Continued
Market awareness. The ability to
sympathize with the needs of (potential)
clients, link these needs to one’s own
business and appeal to the specific needs of
a target group of customers.
Creativity. This ability to see and try new
possibilities based on open observations of
(changes in) the environment.
Flexibility. This is a measure of the ability
to adapt to changes observed in their
environment,

Market/Business Savvy, User Focused

Creative, Alternatives Seeker

Alternatives Seeker, Developer

5.4.2 Implications
The comparison of The Innovator’s DNA’s innovator skills to engineering innovators
characteristics shows that engineering innovators are similar to disruptive innovators.
Comparing IDEO’s ten innovator personas to engineering innovator shows characteristics
of these personas are similar to characteristics of engineering innovators. Denning’s eight
innovator practices compared to engineering innovator characteristics confirm that there
is overlap between the two model’s dimensions. Pistrui et al’s SEM study and
Oosterbeck’s et al.’s ESCAN research show that a partial match of entrepreneurial
characteristics to engineering innovator characteristics exists.
None of the studies discussed above, however, was focused on engineers
distinguished for their innovative contributions. Yet, each of the studies of innovators,
creative people or entrepreneurial engineers identified some of the same innovator
characteristics as those described by engineering innovators in this study. These echoes
mean that engineering innovators in their knowledge, skills and attributes resemble in
some ways other innovators who do not have the same formal training or lived

216
experiences as engineers. The implication is that what we know about innovators,
creative people and entrepreneurs may apply to innovative engineers and vice versa what
we learn about engineering innovators has potential application to innovators in other
fields.

5.5 Discussion of Characteristics in the Stages of the Innovation Process
Based on the decision that at least 8 participants had to mention a characteristic to include
it in a stage of the innovation process model, 11 engineering innovator characteristics
were identified with the beginning stage (Stage A) of the innovation process:
Experimenter, Alternatives Seeker, Team Player/Networker, Analytical, Deep
Knowledge, Active Learner/Curious, User Focused, Knowledge Integrator, Risk Taker,
Vision/Caring and Team Manager/Leader. Seven other characteristics were also
mentioned as associated with stage A: Challenger, Persistent, Self-reliant, Developer,
Creative, Market/Business Savvy and Passionate.
Only one engineering innovator characteristic had 8 participant mentions in the middle
stage (Stage B) of the innovation process, Developer. Only six characteristics garnered
any mentions for that stage: Developer, Communications Skilled, Team Manager/Leader,
Market/Business Savvy, Analytical and Risk Taker.
Only one engineering innovator characteristic crosses the 8 participant mention threshold
in the final stage (Stage C) of the innovation process, Implementer. Only five
characteristics garnered any mentions in this innovation stage: Implementer, Self-reliant,
Market/Business Savvy, Team Manager/Leader and Passionate.
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5.5.1 Comparison to Existing Theory
Two previous research efforts are known to have segregated innovator characteristics by
the stages of innovation: Dyer et al. and the Framework for Entrepreneurial Engineering
Project. Dyer et al.’s comparison with the beginning stage of innovation was discussed in
Finding Three and the comparison to engineering innovator characteristics for what Dyer
defines as a two stage innovation process, discovery and delivery, are displayed in Table
5.6. Dyer’s delivery stage has four elements:analyzing, planning, implementing and selfdisciplined executing compared to the developer and implemeter engineering innovator
charactristics. Dyer also descibes these delivery characteristics as “critical for turning an
innovation into reality.” (Dyer, et al., 2011b, p. 32)
The Framework for Entrepreneurial Engineering Project’s retreat discussion results
which identified characterisitcs by stage of entreprenurial engineering as defined in Table
5.10 are shown in Table 5.11 compared to engineering innovator characteristics. The
definitions of these entrepreneurial engineering factors in Table 5.11 are in Appendix N.
The researcher was a participant in these entrepreneurial engineering discussions.
Table 5.10: The Stages of Entrepreneurial Engineering
Discover
Develop
Deploy and Sustain

Identify a significant need or opportunity that engineering tools,
processes or concepts can address.
Define and generate/establish an economically viable product,
process or system that addresses the discovered need.
Launch and stabilize a scalable and sustainable solution to the
developed need.

Considering all engineering innovator characteristics mentioned for Stage A some of
these characteristics do not appear to map to the entrepreneurial engineering traits. In
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stage A unmapped characteristics were Experimenter, Networker/ Team Player, and
Team Manager/ Leader. In Stage B the unmapped characteristic was Team Manager and
in Stage C Passionate. Several entrepreneurial traits in each stage did not map to
engineering innovator characteristics identified for that stage.
Table 5.11 Knowledge, Skills and Attributes of Entrepreneurial Engineers Identified by
the Framework for Entrepreneurial Engineering Project compared to Stages A, B and C
Engineering Innovator Characteristics (Entrepreneurial Engineering Retreat Group, 2013)

Know
ledge

Discover
KSA

Engineering
Innovator
Characteristic Stage A

Develop
KSA

Engineering
Innovator
Characteristic Stage B

Deploy
and
Sustain
KSA

Domain
knowled
ge

Deep
Knowledge

Technical
knowledge

Analytical

Business
acumen

Business
acumen

Market/Busi
-ness Savvy

Know
ledge
Skills

Recognizes
opportunities
Idea
generator

Analytical
Market
Vision/Caring focused

Skills

Keen
observer

Active
Learner/
Curious

Skills

Recognizes
value

Attributes

Empathy

Skills

Knowledge
Integrator

Alternatives
seeker
Engages
stakeholders

Developer

Communicat
ions Skilled

Human
resource
manager

Team
Manager/
Leader

Engages
stakehold
ers
Team
manager

Implement
er

Strategic
thinker

User Focused

User
centered

Engineeri
ng
Innovator
Character
-istic Stage
C
Market/
Business
Savvy

Adaptable
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Table 5.11 Continued
Discover
KSA

Attributes

Attributes

Attributes

Engineeri
ng
Innovator
Characteristic
Stage A
Curiosity

Develop
KSA

Alternatives
Seeker

Engineerin
g
Innovator
Characteristic
Stage B
Failure
tolerant

Dissatisfied with
status quo
Flexible

Risk Taker

Persistent

Deploy and
Engineeri
Sustain KSA ng
Innovator
Character
-istic
Stage C
Risk Taker
Tenacious Self-reliant

Organized

Adaptable

5.5.2 Implications
As with previously discussed comparisons of engineering innovator characteristics there
are characteristics identified by Dyer et al. and the Framework for Entrepreneurial
Engineering Project that map to the engineering innovator characteristics identitfied in
this study by stage of innovation. The fact that there is similarity of engineering
innovators’ characteristics with entrepreneurial engineers’ characteristics in the stages of
innovation is confirmation of the similarity of engineering innovator behavior and the
behavior of entrepreneurial engineers.
This identification of engineering innovator characterisitcs by stage of innovation is a
unique contribution to the understanding of engineering innovator characteristics. This
insight has application to the management of engineers, participation of engineers in the
innovation process and the training or supervision of engineers who engage in different
stages of the innovation process.

220
5.6 Discussion of Unique Perceptions of Engineering Innovativeness
The purpose of displaying the yellow (light shaded) and green (dark shaded) squares in
Table 5.13 below is to indicate the frequent presence (yellow) or complete absence
(green) of a mention of an engineering innovator characteristic in an engineering
innovator interview.
Table 5.12 Number of Quotes by Category for 10 Participants

KNOWACCUM
ALT
CHALNGR
PROBSOLVRCREATE
DEVLPR
IMPLMTR
KNOWINTEGR
NETWKR
TEAMINGEXPRMTR
MKTAWARE
PASSIONATE
PERSVR
OKFAIL
TEAMPLYR
COMM
VISN
ANALYTICAL

Riley
5
2
1
0
3
5
2
2
1
8
3
1
4
0
0
8
0
0
0

Rich
3
2
2
10
3
2
0
2
4
5
2
0
1
7
7
1
0
0
3

Toni
9
5
2
2
0
4
0
3
0
4
8
3
5
0
3
7
3
0
17

Ted
3
6
11
1
2
1
7
5
2
0
7
7
1
1
3
0
0
4
0

Dana Ian
3
2
5
0
10
3
1
2
1
0
6
8
1
2
2
2
0
0
4
0
0
3
1
0
0
0
4
2
1
3
4
0
4
0
9
2
0
1

Ryan Tarik Carol
3
3
2
6
1
2
1
1
2
0
12
1
4
0
1
2
0
1
0
1
3
5
1
5
2
3
5
6
2
0
2
0
2
3
0
3
2
2
2
4
2
2
12
0
3
1
0
0
2
4
1
5
1
3
3
4
0

All squares in Table 5.13 show the number of times that a category was mentioned in the
interview by that participant. A number of mentions equal to or greater than six was the
heuristic for coding a square yellow. Green squares occur only when the number of

Peter
1
4
6
1
7
3
6
0
0
5
1
2
0
0
0
1
3
1
0
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mentions of a category by a participant was zero. The columns in Table 5.13 contain all
the participant mentions of these categories in the interview. The rows contain all the
mentions of a category across these 10 participants. The key to the row/category
acronyms is in Appendix E. The 18 categories and 10 participants were selected to
illustrate the unique perceptions of engineering innovativeness offered by each
engineering innovator in the study sample.

5.6.1 Comparison to Existing Theory
As with other assessments of individual differences (M. J. Kirton, 2011), we
expected to find a diverse set of engineering innovativeness characteristics within this (or
any large) population (Jablokow, 2005). It was this study’s premise that there is “no
ideal” profile of engineering innovator characteristics that leads to success. Instead, we
expected to identify diverse profiles (i.e., different combinations of engineering innovator
characteristics) for engineering innovators, all of which lead to innovation success as
observed by the study participants (Jablokow, et al., 2012).
Beyond the differences in the mix of engineering innovator characteristics due to
different lived experiences of engineering innovators and the social construction nature of
this phenomenon (Cohen & Crabtree, 2008; Rogoff, 1990), there was a relationship
among these factors that allowed engineering innovators to be successful even though
they exhibit different engineering innovator characteristics. An analog to this reality can
be found in the development of children’s social characteristics where research has
established that a child’s success is due to many different social influences not just those
of parents, teachers or family (Benson, Lefferta, Scalesa, & Blytha, 2012). In other words
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differently skilled engineering innovators can be as successful as one another, that is,
there is no one ideal set of characteristics or one characteristic formula that defines an
engineering innovator (Benson, et al., 2012).

5.6.2 Implications
If each engineering innovator is unique then individuals can master their innovation
potential by enhancing their own innovator characteristics. This implies that a cookie
cutter approach to developing or enhancing innovative behavior will not work as well as
an individual focus on the unique innovator characteristics of each engineer. This is a
larger challenge to engineers and manager and teachers of engineers who are developing
innovative characteristics in engineers. Rather than applying the ‘one size fits all’ suit of
innovator characteristics, an approach that will result in screening out certain ways of
being innovative, each individual should be encouraged to develop their unique set of
innovator characteristics. In developing these engineering innovator characteristics
research remains to be done exploring what ingredients go best together in what
proportions to get the best engineering innovator results.

5.7 Discussion of Non-innovative Engineers
Non-innovative engineers were described by the study participants as they reflected on
innovative engineers. They were described as: people who don’t challenge the status quo
and not collaborators. They were seen as someone who minimizes risk, is not persistent,
thinks short term and focuses on a narrow domain of knowledge or expertise rather than a
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broader more diverse knowledge and skill base which would equip them to move an
innovation all the way to implementation.
The non-innovative engineer is risk averse, easily thwarted, and narrowly focused on
their area of expertise. They can be competent and hard-working but don’t think long
term and don’t develop a network or collaborate in ways that support innovative behavior
by an engineer.
5.7.1 Comparison to Existing Theory
There is a paucity of published research on the characteristics of non-innovative
engineers. However, a grounded theory interview-based study of 117 new product
development staff in 17 innovative and non-innovative companies found:
“non-innovative organizations restrict [innovative behavior] by framing knowledge as
separate, bounded subsets of operations, and defining their links in terms of the
optimization of ongoing operations. [They] limited to new knowledge to that which
improves existing operations; [or] confirms or ratifies current operations.” (Dougherty,
Borrelli, Munir, & O’Sullivan, 2000)
Dyer et al. also commented on non-innovative behavior finding non-innovators weaker in
associating skills, experimenting skills, networking skills, observing skills, and
questioning skills as compared to innovators (Dyer, et al., 2011b, pp. 50, 69, 97, 116,
137). Other research studies have examined the presence or absence of competencies or
design skills of specific types of engineers with comparable findings to the descriptions
by engineering innovators of the non-innovative engineer.(Robinson, et al., 2005 ; Turley
& Bieman, 1995)
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5.7.2 Implications
Non-innovative engineers were profiled by engineering innovators as the source of many
of the barriers that they had to overcome in developing an innovation. The exploration of
non-innovative engineers is a less researched phenomenon but an area for further
research. Pointing out what not to become or what traits to build in engineers to move
them along the scale toward becoming more innovative will be useful to engineers,
managers and teachers.
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5.8 Discussion of Models of Engineering Innovativeness

Figure 5.6 Models of Engineering innovativeness

Model Two, the stages of innovation model, is shown inside a larger cloud, Model One,
to emphasize that all 19 engineering innovator characteristics influence the stages of the
innovation process.
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5.8.1 Model of Engineering Innovativeness Comparison to Literature
There are several innovation models relevant to the Model of Engineering
Innovativeness. First is the Basic Pipeline model shown in Figure 5.7. Both the Models
of Engineering Innovativeness and The Innovators DNA model are structured on the
assumption that innovations originate from ideas or research. Innovations starting with an
idea and flowing through a process until adoption is successful is a popular hypothesis
and form of corporate research and development organization (Denning & Dunham,
2010, p. 74). As previously stated Drucker and many other researchers have shown that
ideas and inventions are poor and unlikely sources of innovations (Christensen, 1997;
Drucker, 1986; Likins, 1992; Tsichritzis, 1997). There is also criticism of the pipeline
model as being too simple and not representing the disorderly chaos of the innovation
creation process (Kline & Rosenberg, 1986), not treating the difficulties of the innovation
adoption process (E. M. Rogers, 1962) or social network integration and acceptance
process (Schon, 1971) and not representing the iterative feedback-laden real world
innovation realities (Denning & Dunham, 2010, pp. 59-61).
The models of innovation that most closely match the Model of Engineering
Innovativeness are the class of innovation models which Denning calls Generative
models such as Dyer et al.’s model or the history making models of Spinosa et al., Bell
and Denning and Dunham.(Bell, 2009; Denning & Dunham, 2010; Spinosa, et al., 1997)
Generative models concentrate on the individual innovator and the knowledge, skills or
attributes that enable them to create innovations. Generative models of innovation frame
the research questions of this study.
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Figure 5.7 Pipeline Innovation Model

Figure 5.8 The Innovators’ DNA Model for Generating and Delivering Innovations
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5.8.2 Implications
A pipeline model based explanation is a logical beginning architecture for engineering
innovativeness and an important step in a grounded theory analysis approach to
understanding engineering innovativeness. Exploring the relationships between
characteristics and how these characteristics fit models that represent the more chaotic
and complex nature of the innovation process is a next step in understanding engineering
innovativeness.

5.9 Future Engineering Innovativeness Studies
There are several opportunities to extend this research in future engineering
innovativeness studies by:


Exploring the relationships between engineering innovativeness characteristics to
identify dominating and controlling or influencing characteristics.



Constructing the model of engineering innovativeness based on an innovation
process model other than the Pipeline Innovation Model to reflect more of the
complexities and challenges of the innovation process



Deepening the understanding of the characteristics of the non-innovative engineer
to assist in identifying and modifying these characteristics as early as possible in
the training and growth of an engineer thereby potentially improving their
innovativeness.



Investigating in more detail the mappings of the Engineering Innovativeness
Model against other generative models of innovativeness to improve the
understanding of engineering innovator characteristics.

229


Replicating and enhancing this study by including additional interview data
already gathered into the study analysis and doing additional sampling of the
engineering innovator population constructed for this study in order to expand the
insights into engineering innovativeness.



Evaluating the enables and inhibitors of the engineering innovativeness or the
impact of intrinsic or extrinsic variables on engineering innovativeness.



Analyzing the different combinations of engineering innovator characteristics to
identify relationships among engineering characteristics and combinations of
those characteristics that have naturally arisen in engineering innovators. These
engineering innovator combinations are possibly the dominant evolutionary
packages of engineering innovator characteristics to select, to encourage and to
support.

5.10 Implications of this Research
Engineering innovators defined an innovation in the same terms and with similar nuances
as found in the business and science literature: something new, with value, that is
implemented and used. In contrast there are engineers or managers who feel an idea or an
invention is or leads to an innovation. They invest energy and resources based on those
false assumptions or myths. Engineering innovators in this study were not confused by
these myths and are less likely to invest resources based on these innovation myths.
Engineering innovators in this study agreed with economists, science researchers, and
entrepreneurs that the innovation process has discovery and development stages and
implementation and adoption stages. They also agreed that the adoption of the
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innovation, not just the creation of the original idea, was critical. Promulgating an
engineering innovator’s understanding of an innovation among the engineering
community and those communities with whom engineers collaborate potentially will
improve and expand the innovation process.
Engineering innovators identified aspects of their behavior that contribute to their
success. These insights are important for engineers, managers and engineering educators.
Engineering innovators characteristics sound similar to characteristics of disruptive
innovators and entrepreneurial engineers. These echoes mean that engineering innovators
in their knowledge, skills and attributes resemble in some ways other innovators who do
not have the same formal training or lived experiences as engineers. What we know about
innovators, creative people and entrepreneurs potentially applies to innovative engineers
and vice versa.
This identification of engineering innovator characterisitcs by stage of innovation is a
unique contribution to the understanding of engineering innovator characteristics. This
insight has application to the management of and participation in the innovation process
and the training or supervision of engineers who engage in different stages of the
innovation process. The exploration of non-innovative engineers is a less researched
phenomenon but an area for further research that points out what not to become or what
traits to improve in engineers to move them along the scale to becoming more innovative.
The identification of the combination of engineering innovator characteristics that are
dominant combinations sets up a vision and goal for the selection, development, and
support of engineering innovation in any community.
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A pipeline model-based explanation is a logical beginning architecture for engineering
innovativeness and an important step in a grounded theory analysis approach to
understanding engineering innovativeness. Exploring the relationships between
characteristics and how these characteristics fit models that represent the more chaotic
and complex nature of the innovation process is a next step in understanding engineering
innovativeness.

5.11 Summary of Discussion
Engineering innovators consider an innovation to be something new, useful and adopted
which is consistent with innovation definitions accepted outside engineering.
An innovation process for an engineering innovator has a front end, discover and proveout the idea stage and a back end, sell, organize, and implement stage. These stages are
long or short depending on the complexity of the innovation. The pipeline model of
innovation was accepted by engineering innovators as a conceptual structure for
discussing engineering innovativeness even though their innovation stories recounted
deviations from this simple process model.
Twenty engineering innovativeness characteristics were identified as prevalent by
engineering innovators in this study. Thirteen of these characteristics were also located as
generally associated with a particular stage of innovation. Each engineering innovator
provided unique descriptions of engineering innovativeness consistent with a socially
constructed reality. They also described the non-innovative engineer as a contrast to the
innovative engineers they were discussing including themselves.
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The model of engineering innovativeness in this study has three stages but is also
surrounded by a larger group of engineering innovator characteristics that are relevant to
the process of innovation when considering specific engineering innovators or individual
innovations. There are opportunities to continue and expand this study to deepen the
insights into engineering innovativeness.

5.12 Conclusions and Recommendations
Innovative engineers are unique individuals with strengths that distinguish them from
other engineers. Their strengths are embedded in the combinations of characteristics that
are needed for the different stages of innovation as described by study participants.
Different innovation stages, however, require different innovator characteristics which
suggests that organizations adopt an engineering innovator selection process to match
characteristics needed and particular stages of innovation-as some organizations
represented in the study have already done.
Different innovative characteristic combinations all produce innovative engineers as was
noted previously. More important a view held by study participants was that several of
these characteristics can be taught or encouraged. If innovative characteristics can be
taught or encouraged in engineers and organizations desire more innovation, as many say
they do, then adopting organization strategies that support innovative engineers is
required. The most prominent strategy discussed by engineering innovators was
supporting failure as much as heralding success.
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For an individual engineer wanting to be more innovative the first step is to understand
what knowledge, skills and attributes will enhance your innovative abilities and then
work on strengthening those personal characteristics. Managers and teachers have a
corresponding opportunity to support and encourage this development of an engineer
learning to be an innovative engineer.
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Appendix A Chronological Record and Demographics of Engineering Innovator
Interviews
Date

Interview
format

Interview
State

Experience
C = Corporate,
A = Acadademic
E=
Entrepreneurial

Audio
Size, mb

Interview
Length,
minutes

6/3/2012

Face-to-face

Indiana

A,E

78

55

6/10/2012

Face-to-face

Texas

A, C

108

76

6/26/2012

Face-to-face

Indiana

A

105

74

6/27/2012
6/27/2012
7/5/2012
7/5/2012
7/6/2012
7/11/2012
7/11/2012

Face-to-face
Face-to-face
Face-to-face
Skype
Face-to-face
Face-to-face
Face-to-face

Illinois
Illinois
Indiana
Pennsylvania
Indiana
Minnesota
Minnesota

C
C
C,E
C
C
C
A

85
108
94
139
122
146
67

60
76
66
98
86
104
47

7/12/2012
7/12/2012
7/15/2012
7/16/2012
7/16/2012
7/17/2012
7/17/2012
7/24/2012
7/24/2012
7/25/2012

Face-to-face
Face-to-face
Face-to-face
Skype
Face-to-face
Face-to-face
Face-to-face
Face-to-face
Face-to-face
Face-to-face

Minnesota
Minnesota
Wisconsin
Georgia
Wisconsin
Wisconsin
Wisconsin
Michigan
Michigan
Michigan

C
C
C
C
C
C
C, A
C, E
C, E
E

124
115
136
110
156
154
124
107
80
131

88
81
96
77
110
109
88
76
56
92

7/25/2012
7/26/2012

Face-to-face
Face-to-face

Michigan
Canada

C,E
C,E

124
116

87
82

7/30/2012
7/30/2012

Face-to-face
Face-to-face

Ohio
Ohio

C
C

155
110

112
82

7/31/2012
7/31/2012

Face-to-face
Face-to-face

Ohio
Ohio

C, A
C, E

78
89

57
65
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8/1/2012
8/1/2012

Face-to-face
Face-to-face

Michigan
Michigan

C,E
C

87
134

63
98

8/2/2012

Face-to-face

Michigan

E

99

72

8/10/2012
8/13/2012
8/13/2012
8/20/2012
8/21/2012
8/21/2012

Skype
Face-to-face
Face-to-face
Face-to-face
Face-to-face
Face-to-face

Wisconsin
Michigan
Indiana
Pennsylvania
Pennsylvania
Pennsylvania

C,E
A,C,E
C
E
A,E
C,E

71
95
152
115
74
124

48
67
107
84
53
90

8/22/2012
9/17/2012
9/19/2012
10/4/2012
10/5/2012
10/5/2012
10/9/2012
10/16/2012
10/18/2012

Face-to-face
Telephone
Face-to-face
Face-to-face
Face-to-face
Face-to-face
Telephone
Skype
Telephone

Pennsylvania
Massachusetts
Illinois
California
California
California
Illinois
Georgia
Indiana

A,E
C,A
A,E
A
A,E,C
A,E
C
A
A,E

105
67
110
79
86
80
119
48
57

76
48
77
56
61
57
87
35
41

3/15/2013

Face-to-face

Michigan
Average

A,E

171
107

121
76
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Appendix B IRB Approved Communication to Prospective Population Participants
A Research Study in Engineering Innovativeness
Engineering Innovativeness Email Solicitation Wednesday, April 25, 2012
Dear “experienced engineer”[personalized],
Innovation is the lifeblood of any successful enterprise and it is a national mission to
increase the innovation potential of our professional disciplines. As you have learned
from [network contact] we are conducting a Delphi Survey and interviews that explore
the innovative behavior and skills of professional engineers. The results of our research
will be shared with you and throughout the engineering profession.
Our research questions are:
1. What are the key skills, knowledge, attitudes, and other intrinsic and extrinsic factors
that enable and support engineering innovativeness?
2. What is the relative importance of these factors in each stage of the innovation process
and in the different contexts and disciplines in which engineers operate?
The research results will also be shared with engineering educators to help them devise
better ways to encourage and develop innovative behavior and skills potentially
benefiting both student and practicing engineers.
(Your engineering learning interview will be scheduled at a mutually convenient time and
place, last 45-75 minutes and will be recorded for transcription purposes. )
(or your participation in the Delphi Panel surveys will require 1-2 hours of your time 3-4
times in the September 1st to November 15th timeframe. The Delphi surveys will be
conducted online and will be completely confidential)
Your participation in the engineering innovativeness interview will help us identify the
individual or environmental characteristics that develop or support innovative behavior
by engineers, potentially a significant contribution to the engineering profession. We trust
that we can count on you to aid us in this critical project.
I look forward to talking with you.
Daniel Ferguson
Engineering Education
Purdue University
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Appendix C Full Interview Protocol
Interview participant:

name

email

phone

Location: ________________________ Date(s) held: ______________________
I am going to record our conversation, is that ok? everything that you say is held
confidential and anonymous.
If you mention any specific names they will be coded using pseudonyms before the
transcript is released for review;
and you will receive a copy of the edited transcript for review and redaction if needed.
This interview is about understanding how engineers innovate, and what enables or
inhibits an engineer to be innovative.

o
o
o


o
o

o

o
o
o

o

[1] INTRODUCTION [OF PARTICIPANT TO RESEARCHER]
But first tell me about yourself. for background?
e.g., where you have lived?, where schooled? where did you grow up? hobbies? why did
you become an engineer?
how do you describe yourself or what you do, to another person?
how do you prefer or like to work on a project?
[2] INNOVATION
□
What is your definition of an innovation?
[3] THE PROCESS OF INNOVATION FOR AN ENGINEER
Tell me about the process of innovation [for an engineer]?
Tell me about any steps or phases in the process of innovation?
Tell me more about the obstacles, the enablers? in the innovation process.…
Check Back
Is there anything else about the process of innovation for an engineer that you want to
share with me?
[4] CREATING OR STARTING AN INNOVATION
Tell me about an engineer creating or starting an innovation?
What is the role of an engineer in this stage of the innovation process?
Tell me more about the engineer who creates an innovation, what are they like, what
stands out about them?…
Tell me about any difficulties or challenges that an engineer face[s] at this stage of the
innovation process
Check Back
Is there anything else about an engineer creating or starting an innovation that you want
to share with me?
[5] DEVELOPING OR MOVING FORWARD ON AN INNOVATION
□
Tell me about an engineer developing or moving forward on an innovation
o
What is the role of an engineer in this stage of the innovation process?
o
Tell me more about an engineer who develops an innovation, what are they like,
what stands out about them?…
o
Tell me about any difficulties or challenges that an engineer face[s] at this stage
of the innovation process
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□
Check Back
o
Is there anything else about an engineer developing or moving forward an
innovation that you want to share with me?
[6] IMPLEMENTING OR COMPLETING AN INNOVATION
□
Tell me about an engineer implementing, commercializing or completing an
innovation?
o
What is the role of an engineer in this stage of the innovation process?
o
Tell me more about an engineer who implements, commercializes or
completes an innovation,
What are they like , what stands out about them?…
o
Tell me about any difficulties or challenges that an engineer face[s] in this
latter stage of the innovation process
□
Check Back
Is there anything else about an engineer implementing or completing an
innovation that you want to share with me?
[7] Venn Diagram- traits of the innovative engineer
a□ Can an engineer be innovative in both the initial/creative stage and the
development/experimental/design stage? C+D WHY?
b□ Can the same engineer be innovative in both the initial/creative stage and the
implementation/mfg/production stage? C+I WHY?
c□ Can an engineer be innovative in the development/experimental/design stage and
the implementation/mfg/prod stage? D+I WHY?
d□ Can an engineer be innovative in all three stages of the innovation process? why
or why not? C++D+I
e Please describe the ideal situation for an engineering innovator to be innovative
-[if not previously discussed].
[8 Can you think of an engineer who is an innovator? someone that you know or have
worked with.
tell me about their traits, competencies, what are they like?, How are they different than
other engineers?
□ Check Back
□
Is there anything more that you want to tell me about
them.....
□ Check Back □ Can you think of another engineer who is innovative, tell me about
them.
Changing lens in the Interview
Based on our conversation today I want to review with you some other factors that may
be related to being innovative as an engineer
[9] Innovation space
a□ Does a person's intelligence affect their ability to innovate?-[if not previously
discussed].
b□ Do you feel that a person's personality affects their ability to innovate?-[if not
previously discussed].
c□ Do you feel that a person's education affects their ability to innovate?-[if not
previously discussed].
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d□ Do you feel that the community or organization where a person works or lives
affects their ability to innovate?-[if not previously discussed].
[10] a What is it about you that makes you innovative?
b Please describe a situation or an event where you feel you exercised your
innovative strengths
c. can these factors be changed , taught or grown in your opinion, did they grow or
change for you?
[11] If you wanted to hire an innovative engineer for your project/company what
attributes will you most look for in that person?
11.b. if you were hiring 5 engineers would you want them to all be innovative, why or
why not?
[12] Thank you! Next steps for this research is the transcription of this interview, editing
it to make it anonymous and then I will send you the edited transcript for your review.
□ Also may i have permission to list your name in our reports; all of your conversation
will remain confidential and anonymous.
□ [13] Finally, Are there another engineering innovators that you think that we should
Interview or include in our innovation research?
Why do you feel they are innovative?
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Appendix D Study Participant Personas using Pseudonyms
Aubrey’s formal training was in Biology and Chemical Engineering and she has
been creating and implementing innovations for several decades resulting in scores of
patents. Aubrey describes herself as “not analytical” but as an associative thinker who
makes the connections which result in problem solutions by accessing the knowledge of a
large variety of people and the wide set of knowledge that she collects.
Bruno’s research in Materials Engineering has resulted in many patents and
innovation awards for himself and his team members. In addition Bruno has developed
and led change processes in academic institutions that have resulted in organization
innovations and many innovation citations for himself and his collaborators. Bruno’s
vision for what the future will bring is at the core of his innovation skills.
Carol is an internationally recognized expert in innovation processes in a
consumer products industry with formal training in Chemical Engineering. Carol has
extensive corporate and global entrepreneurial experiences, has been awarded many
patents and has directed research and development activities for several decades for
which she received multiple innovation recognitions. Carol excels in identifying barriers
to innovation and opportunities to innovate.
Dana is a global expert in production processes in a natural resource industry. She
has several decades of corporate experience, formal training in business and chemical
engineering, many patents, awards and recognitions for innovation and a global
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consulting practice in her knowledge specialties. Dana loves to challenge the ‘status quo’
and has created and delivered production related Chemical Engineering courses.
David has been with start-up businesses for his whole 30+ year career. He hasn’t
met a challenge that he didn’t want to attack. His formal training is in Mechanical
Engineering and he has applied his energy and problem solving skills in numerous
manufacturing, service and process industries. Roughly half of his innovation career was
with a Fortune 10 company and the latter half as an entrepreneur and his character is best
captured by his statement: “I just I love to meet new people. I love to learn new things.
There’s so much in this world that we don’t know or understand and every day is a new
journey and a new opportunity.”
Doris in her own words is an artist who mixes together information and people to
discover and implement innovations at one of the premier global research and
manufacturing companies in the world. Doris has a doctorate in Analytical Chemistry,
has received many patents and numerous recognitions for innovations and sees her palette
for innovation as the network of experts that she has cultivated within her firm and with
its customers.
Edward is formally trained as an Aerospace Engineer with a doctorate in
Mechanical Engineering. He has over 10 years of project management and leadership
experience in research and development and has received several recognitions and
awards for innovation. Edward also has a decade of academic experience as an
engineering educator, researcher and administrator and is the recipient of several research
grants and awards.
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Greg has a doctorate in Electrical Engineering and has spent several decades in
academia doing research, teaching, and administrative work. Greg has received many
research grants and awards for his leadership skills and innovations. He believes he is
innovative because of his natural curiosity and his “creativity in the sense of seeing
various things, different areas, and being able to connect them together.” Greg also
believes that innovativeness in an engineer “[requires] some degree of innate ability, [and
then] training and education [can] enhance it.”
Ian’s 30+ years of innovation experience spans corporations, entrepreneurial
ventures and academic positions. Ian has a doctorate in Electrical Engineering and he has
received scores of patents for his engineering work. Speaking about why he is innovative
Ian said: “I tend to do a lot of experiments. I’m very driven. [and I always ask myself],
could I have done a better job with that?”
Jordan has been an academic researcher focused on system controls for the past
two decades. While his formal training and doctorate is in Chemical Engineering, his
passion is promoting entrepreneurship. Jordan has received numerous grants and
recognitions for innovation and entrepreneurship and attributes his innovation success to
“[his desire] go to a win-win, to help a large set of people, [having] been blessed to have
a very good fundamental education [and] the number one reason I’ve been innovative and
successful is because basically I hired a lot of really good people.”
Joseph is a medical doctor who partners with engineers to create, develop and
implement ways to improve medical practices through the use of new processes or
technologies. Joseph believes that developing an idea requires strong collaboration with
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engineering experts and that implementing the idea requires a solid market and business
understanding and the ability to communicate that market understanding to potential
customers and investors.
Nathan’s 30+ years of engineering work experience is in manufacturing,
corporate research and development and process improvement techniques. Nathan’s
formal training is in Mechanical Engineering and his role in innovation activities has
been as a team manager and leader who directs innovation in products or processes as a
team process. Nathan has been recognized many times for his innovation leadership
skills.
Peter approaches innovation from the Civil Engineering and Architectural
Engineering perspectives and has been involved in creating innovative architectural
materials and design solutions for several decades. Peter leads and directs product
development and innovation activities with global clients and has received numerous
recognitions for his innovation achievements and teamwork approaches to innovation.
Pierre is a self-reliant, collaborative, driven person with several scores of patents
that he has been awarded. Pierre has a formal background in Chemistry and Chemical
Engineering and also raises cattle as a hobby. His innovation experience of 40+ years has
been with one Fortune 20 company and he believes that almost all innovation is based
primarily on hard work, experimentation, synthesis of knowledge and the willingness and
opportunity to fail, not aha moments. His passion for innovation is captured by his
statement: “I would rather solve problems than go on vacation.”
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Richard is a Mechanical Engineer with multiple decades of engineering design
teaching experience as well as several decades of research and development experience in
manufacturing companies. He has received multiple awards for teaching excellence and
teaching innovations as well as several patents and recognitions for innovation during his
corporate tenure. His student design teams have won national competitions.
Riley is trained as a Computer Scientist and is renowned for his innovations in
software solutions and his innovative approach to creating those solutions. Riley has
several decades of innovation success and innovation recognitions within the corporate
world and as an entrepreneur. But Riley’s passion is a focus on users’ needs not the
technology of the solution and his company’s motto is: “Don’t be afraid to fail.”
Ryan is an entrepreneur with a doctorate in Mechanical Engineering and a passion
for improving manufacturing processes in the transportation industry. Ryan attributes his
success as an engineering innovator to his deep knowledge, his willingness to take risks,
his ability to sell those ideas to his customers and his team’s ability to develop and
implement his ideas.
Tarik is a self-made engineer and a highly recognized global expert with unique
problem solving skills. He has several decades of corporate and entrepreneurial
experience in manufacturing and process industries, global reputation and has trained
hundreds of engineers in his unique problem solving approaches to finding alternatives
and innovating.
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Ted is an engineer with 30+ years’ experience with a Chemistry and Chemical
engineering background and corporate research and development experience with
multiple Fortune 100 companies. His achievements include receiving many patents,
leadership of new product development teams, numerous recognitions for innovations
and his hallmarks are asking himself the question, “What have others missed?” and
experimenting.
Toni is the engineer’s engineer when it comes to his area of expertise. He has
Mechanical Engineering training and over 30 years corporate engineering experience as a
designer, product developer and research project leader in a manufacturing industry. He
has received many patents and awards for innovation and his analytical skills and design
knowledge are part of the bedrock of knowledge upon which the engineers of his global
company redesign and build their products.
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Appendix E Key to the acronym names in model diagrams
Category codes:
Action = verbs, Attribute = adjective, noun

Definitions: based on in vivo codes, in vivo
statements

CA-ADPT adaptable-flexible
action
CA-ALT alternatives seeker
action
CA-AMBIG
action
CA-ANALYTICAL
attribute
CA-ASK asks questions
action
CA-CHALNGR- challenger
attribute
CA-CHANGE OVERTIME
CA-COMMCTR communicator
action
CA-XXXX Communicates,
attribute
CA-ETHICAL-ethical
attribute
CA-EXPRMTR experimenter
action
CA-HUMBLE
attribute
CA-IMPLMTR-implementer
action
CA-INDEPDNT independent
attribute
CA-KNOWACCUM-knowledge accumulator

Changes based on new data, makes path
corrections, accepts new ideas
Seeks alternatives, thinks/looks beyond what
they know,
Tolerant of ambiguity, uncertainty, grey space

attribute
CA-KNOWINTEGR-Knowledge Integrator
action
CA-LEADS
action
CA-LEARNEDHOW
attribute
CA-LEARNS
action
CA-MKTAWARE market/business savvy

Meticulous and careful examination, very
aware, … very reflective
Asks the right questions, asks lots of questions,
curious, listens, reflects on answers
Willing to do things differently, challenger of
status quo
KSAs change with experience
Sells idea to others
Able to sell idea, extroverted
Behaves ethically
Doer, ready to try something, makes abstract
concrete
Not bragging about his job, has humility
Gets tasks done, reliable, project manager
Individualistic, self-confident
Depth and breadth of knowledge, domain
expertise
Lateral, non-linear thinker, associative thinking
Direct or give direction to others, communicate
direction to others
Back ground is technical and non-technical,
creative and analytical
Gains knowledge through observation or verbal
exchange
Understands customers/ markets, market
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attribute
CA-NETWKR
action
CA-NORULES
action
CA-OKFAIL
attribute
CA-OWNSIT
attribute
CA-PASSION-[ATE]
attribute
CA-PERSVRS
attribute
CA-PROBSOLVR
action
CA-TEAMPLYR
action
CA-VISION
attribute
CA-XENVPOS
attributes
CA-XENVNEG
attributes
CA-XNOT ALL STAGES
attribute
CA-XUNDERSTINNOV
attribute
CANEG-ADPT
attribute
CANEG-ALT
action
CANEG-AMBIG
attribute
CANEG-ANALYTICAL
CANEG-ASK
action
CANEG-COM
action
CANEG-EMPATH
attribute
CANEG-IMPLMTR
action
CANEG-KNOWACCUM –knowledge deficient
attribute

awareness, opportunity recognition
Uses network to leverage idea, open,
collaborative
Doesn't follow rules
Accepts risk, willing to take risks,
Takes ownership of idea
Strong enthusiasm for something
Committed, perseveres, very driven
Solves problems
Teams up to produce innovations
Imagines the future, sees a critical need wants
to make a contribution
Positive environment influence on innovation
Negative environment influence on innovation
Statements that support engineers
CAN OR CAN’T function in all stages of
innovation
Understanding innovation process changes
innovator behavior
NOT willing to do things differently,
ACCEPTS status quo
There's not a better way, not thinking of
alternatives, NIH syndrome
Wants no doubt, wants everything clear,
unequivocal
Not careful in analysis

No interest in gaining knowledge
Not able to listen to or communicate to others
Not able to understand customer needs
Not able to focus on tasks, , trapped in details
No breadth of knowledge,
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CANEG-KNOWINTEG
action
CANEG-LEADS
action

Can't integrate knowledge across domains

CANEG-MKTAWARE
attribute

Not market/business savvy doesn't
understand markets/business
too much money, too much work, costs too
much
Close minded, non-collaborative

CANEG-NETWKR
action
CANEG-PROBSOLVR
CANEG-OKFAIL
attribute
CANEG-NORULES
attribute
CANEG-VISN no longer term thinking
attribute

Not great at steering ship

Stopped by obstacles, barriers
Avoids risk, not accepting of mistakes or
failure, not wanting change
Bound by rules, following recipe
Stuck in short term, no forward thinking
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Appendix F Category Definitions based on in vivo coding
Focused codes/
Category codes

CA-ADPT adaptableflexible

attribute
CA-ALT alternatives
seeker

Definition based on in
vivo codes, in vivo
statements

changes based on new
data, makes path
corrections, accepts new
ideas
seeks alternatives,
thinks/looks beyond
what they know,

action

CA-AMBIG

tolerant of ambiguity,
uncertainty, grey space

attribute

CA-ANALYTICAL
attribute
CA-ASK asks
questions
action

CA-CHALNGRchallenger

attribute

very aware, you know of
all these things, very
reflective
asks the right questions,
asks lots of questions,
curious, listens, reflects
on answers

willing to do things
differently, challenger
of status quo

In vivo words, phrases

HI-adaptability
ID1-able to adapt
ID1-flexible
ID2-able to adapt
ID3-adaptable
ID3-adaptable, risk mitigation
ID3-flexible, makes path corrections
MI-flexible, changes based on new data
OS-flexible
ED-look beyond own capabilities
EDUC-the how should be flexible
ID1-good problem solver, thinks beyond
what they know
ID2-thinking of alternatives
INTEL-increases number of alternatives
HI-willing to deal with uncertainty, risk of
failure
ID1-able to work in the gray space
ID1-tolerant of ambiguity, uncertainty
ID2-tolerant, handles ambiguity, looks
broadly
OS-tolerate ambiguity

ED-asking why?, why?
HI-asks lots of questions
HI-curiosity
ID1-asks the right questions
INTEL-asks questions
MI-asks why, why, why?
PERS-reflective
ED-believes can't keep doing business the
same way
ED-challenges the status quo
ID1-challenges the status quo
ID1-willing to do things differently
MI-challenges the status quo
OS-challenge status quo

257
CA-CHANGE
OVERTIME
CA-COMMCTR
communicator

KSAs change with
experience evidence
Sells idea to others, able
to sell idea, extroverted

action

CA-COMPETE
attribute
CA-CREATE creative

Compares self to others
and to self, driven to
excel
invents something new,
creative

attribute

ED-communicates clearly to lrg #
employees
ID1-sells it to champions
PERS-able to sell idea
PERS-extroverted, engaging, innovative
PERS-good communicator
OS-compete/compare
OS-very driven
ED-ability to create and invent something
new
ED-creative, good imagination
ID1-generate ideas
ID1-creates
ID3-creative and problem solver
ID2-developing idea/testing
ID2-finds what works, what doesn't
ID2-developing idea/testing
ID2-learns from failures
ID1-unmet need recognition
ID1-sees a critical need
ID1-understands customer/market

CA-DEVLPR
developer

develops idea,
prototypes, finds what
works, what doesn't

CA-EMPATH
empathetic

understands needs of
users/customers

attribute
CA-ETH-ethical

Behaves ethically

‘Does no harm to others’

attribute
CA-EXPRMTR
experimenter

learns from failure,
makes abstract concrete

ED-see mistakes as opportunities
ID1-doer,ready to try something
ID1-experiments/takes small risks
ID1-learns from failures
ID1-sees mistakes as opportunities
ID2-developing idea/testing
ID2-finds what works, what doesn't
ID2-develop protoypes
ID2-learns from failures
OS-like experiments

action

CA-HUMBLE
attribute

not seeking personal
rewards or recognition
not bragging
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CA-IMPLMTRimplementer

gets tasks done, reliable,
project manager

action

CA-INDEP
independent

individualistic, selfconfident

attribute
CA-KNOWACCUMknowledge
accumulator

depth and breadth of
knowledge, domain
expertise

attribute

CA-KNOWINTEGKnowledge Integrator

action

lateral, non-linear thinker,
associative thinking

ID3-delivers to spec
ID3-dependable
ID3-figures how to make it
ID3-focuses on tasks not experiments
ID3-functions in bounded context
ID3-gets tasks done
ID3-has both creativity and task
orientation
ID3-less risk tolerance, wants more
certainty
ID3-likes measuring, efficiency, scaling
things
ID3-meticulous and careful in analysis
ID3-planner/project manager
ID3-reliable
ED-do it yourself
ED-independent, self-confident
ED-individualistic
ENTR-independent, experiment
OS-self sufficient
PERS-Independent
ED-domain expertise
ED-have depth and breadth of
knowledge
ID1-aware of other things-technologies
ID1-broad experience, understanding
ID1-deep knowledge and experience
INTEL-breadth not depth of knowledge
INTEL-knowledge-within laws of
physics
INTEL-innov requires intel +
experience
OS-domain expertise
EDUC-need breadth, diversity
EDUC-what you know
MI-insightful, have knowledge
OS-experience innovating
ID1-able to synthesize
ID1-lateral thinker-connects adjacent
pieces
ID1-not a linear thinker
INTEL-associative thinking/mental
models
MI-integrates knowledge across
'different areas'
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MI-non-linear thinking
OS-lateral thinking
ED-lateral thinking-connects adjacent
pieces
CA-LEADS
action
CA-LEARNS
action
CA-HOWLEARNED
attribute
CA-NETWKR

direct or give direction to
others, communicate
direction to others
gains knowledge through
observation or verbal
exchange
Back ground is technical
and non-technical, creative
and analytical
uses network to leverage
idea, open, collaborative

action

CA-MKTAWARE
market/business savvy
attribute

CA-OKFAIL

understands customers/
markets, market
awareness, opportunity
recognition

accepts risk, willing to
take risks,

attribute

CA-OWNSIT
attribute
CA-PASSIONATE

MI-strong learners. Soak up knowledge

Medici approach

ID1-networks the idea
ID2-after idea-getting resources
MI-has/uses a network of people
OS-network to leverage
ID1-open, collaborative
PERS-open minded, collaborative
ED-market/business savvy
ENTR-bus savvy
ID1-business savvy
OS-business savvy
OS-market awareness
ID2-mkt/business savvy
MI-entrepreneurial thinking
ED-entrepreneurial thinking
ENTR-not risk averse
HI-no fear of failure
ID1-not afraid to fail
ID1-willing to take risk
PERS-relate to other people/risk taking

Takes ownership of idea

Strong enthusiasm for
something

ID1-passionate
OS-passion

committed, perseveres,
very driven

ED-committed/persistent
ID1-persistant
MI-persistent
MI-slow moving innovator
OS-perseverance

attribute
CA-PERSVRS
attribute
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CA-PROBSOLVR

Solves problems

action
CA-NORULES

Doesn't follow rules

action

CA-TEAMPLYR
Action
CA-VISION
attribute

CA-ENVPOS
attributes

ID1-has courage, overcomes barriers
ID3-able to deal with constraints
OS-overcome barriers
ED-doing experiments, causing havoc
ED-not following the rulesentrepreneur
ENTR-not follow rules, makes rules
ID1-likes to cause havoc
MI-doesn't follow rules
MI-not bound by rules

teams up to produce
innovations
imagines the future, sees a
critical need wants to make
a contribution

Positive environment
influence on innovation

ID1-imagines the future
ID1-sees a critical need
MI-visionary, goal orientated
OS-vision
ED-want to make a contribution
ID2-imagining the future
CS-clear LT Goal
CS-fear of failure gone
CS-flexible work environment
CS-flexible work hours
CS-freedom to explore
CS-mgt ok with long run
CS-similar people
CS-spt rule breakers
CS-stimulus to innovate
ideal-enabling tools, processes, funding
ideal-fear of failure gone
ideal-flexibility
ideal-freedom to explore
ideal-long term vision
ideal-mgt ok with long term
COMMP-community positive
influences on innovation
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CA-ENVNEG
attributes
CA-NOT ALL
STAGES
attribute

CAUNDERSTINNOV

Negative environment
influence on innovation

COMMUN-community negative
influences on innovation

statements that support
engineers
CAN OR CAN’T function
in all stages of innovation

D1-2-3-issues in transitions between
create and implement
ED-evidence of changes in required
KSAs A to C
EDSUM-few engineers can work across
all stages of innovation

understanding innovation
process changes innovator
behavior

Engineers-struggle with discovery,
business proposition
OS-span idea to invention to innovation
ED-able to do all stages
EDUC-not the degree
CS-why teach innovation

attribute
Negative examples of CA codes = CANEG codes
CANEG-ADPT
attribute
CANEG-ALT
action

CANEG-AMBIG
attribute
CANEG-ASK
action
CANEG-COM
action
CANEG-EMPATH
attribute
CANEG-IMPLMTR
action

NOT willing to do
things differently,
ACCEPTS status quo
there's not a better
way, not thinking of
alternatives, NIH
syndrome
No doubt, clear,
unequivocal

ND1-NIH syndrome
ND3-not flexible
ND3-not flexible or creative
NID1 -constrain it
NED-not thinking of alternatives
NED-there's not a better way

No interest in gaining
knowledge
not able to listen or
communicate to others
not able to understand
customer needs
not able to focus on
tasks, , trapped in
details

NCS-no why?/rule breakers-no
innovation

NID1-uncomfortable with uncertainty

NID2-jumping to an answer
NMI-lack continuity, jump around
NMI-not able to focus on tasks
NMI-trapped in Details
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CANEG-KNOWACCUM
–knowledge deficient
attribute
CANEG-KNOWINTEG
action
CANEG-LEADS
action
CANEG-MKTAWARE
attribute

no breadth of
knowledge,
can't integrate
knowledge across
domains
not great at steering
ship
not market/business
savvy doesn't
understand
markets/business
too much money, too
much work, costs too
much

CANEG-NETWKR
action

close minded, noncollaborative

CANEG-OKFAIL
attribute

avoids risk, not
accepting of mistakes
or failure, not wanting
change

CANEG-NORULES
attribute

bound by rules,
following recipe

CANEG-VISN no longer
term thinking
attribute

stuck in short term, no
forward thinking

ND1-too new, too much to learn
NED-book smarts are not innovativeness,
NON EDUC-no breadth of knowledge
NMI-can't integrate knowledge across
areas
NON PERS-narrow thinking
NMI-LACK LDRSHP/MGT SKILLS
NMI-not great at steering ship
NCS-costs too much
NCS-costs too much money
NCS-magnitude of financial error means
something
ND1-too much money
ND1-too much work
NID1-costs too much
NED-not business savvy
NID1-not understanding market/end user
NON PERS-close minded, noncollaborative
NON PERS-negative personality combos
NON PERS-non collaborative
NID1-not tolerant of mistakes and failure
NED-avoid risk
NED-not wanting change
NHI-not take risk
NID1-too many objections
NCS-reliability not innovation
ND1-non innovative rules driven
NED-do the same thing all the time
NED-follow rules is not innovative
NED-happy not changing
NED-not overcome barriers
NED-saying no all the time
NED-stuck in a process/technology
NHI-just do my job
NMI-bound by rules
NMI-following recipe
NON PERS non rule breaking
ND1-stuck in short term
NED-short term focus
NON PERS-no forward thinking
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Appendix G Interim Mapping of 21 categories and 13 participants
P 2:
P10:
P14:
P 1:
120613- P 3:
P 5:
P 8:
P 9:
120810_0 P11:
P12:
P13:
120716_0
120725_0 001
120628_0 P 4:
120726_0 P 7:
121006_0 120802_0 01
120706_0 120627_0 120712_0 02
02
Richard.rt 02
120716_0 01
121005_0 01
01
Carol(1).r 01_Peter. 01
01
Aubrey.rt
Riley.rtf f
Toni.rtf 01 Ted.rtf Dana.rtf 01 Ian.rtf Ryan.rtf Tarik.rtf tf
rtf
Bruno.rtf Doris.rtf f
TOTALS: #pd'S
YY*CA-KNOWACCUM knowledge accumulator
5
3
9
3
3
2
3
3
2
1
3
4
6
47
YY*CA-ALT alternatives seeker
2
2
5
6
5
0
6
1
2
4
1
2
2
38
YY*CA-CHALNGR willing to do things differently, challenger
1
2
2
11
10
3
1
1
2
6
0
1
1
41
YY*CA-PROBSOLVR-good at problem solving,
0
10
2
1
1
2
0
12
1
1
6
4
1
41
YY*CA-CREATE creative
3
3
0
2
1
0
4
0
1
7
7
1
5
34
YY*CA-DEVLPR develops ideas< prototypes<tests idea
5
2
4
1
6
8
2
0
1
3
2
2
0
36
YY*CA-IMPLMTR implementer
2
0
0
7
1
2
0
1
3
6
1
4
2
29
YY*CA-KNOWINTEGR knowledge integrator
2
2
3
5
2
2
5
1
5
0
0
2
5
34
YY*CA-NETWKR networker
1
4
0
2
0
0
2
3
5
0
1
7
3
28
YY*CA-TEAMING-form, manage, work as teams,
8
5
4
0
4
0
6
2
0
5
4
1
4
43
YY*CA-EXPRMTR experimenter
3
2
8
7
0
3
2
0
2
1
1
0
2
31
YY*CA-MKTAWARE market/business savvy-entreprl thinking
1
0
3
7
1
0
3
0
3
2
2
4
1
27
YY*CA-PASSIONATE passionate-fervent-excited
4
1
5
1
0
0
2
2
2
0
4
3
4
28
YY*CA-PERSVR persistent, diligent, courageous
0
7
0
1
4
2
4
2
2
0
1
5
2
30
YY*CA-OKFAIL failure tolerant, accepts risk
0
7
3
3
1
3
12
0
3
0
1
1
0
34
YY*CA-TEAMPLYR teams up, works well with others
8
1
7
0
4
0
1
0
0
1
2
6
4
34
YY*CA-COMM-FLEX ENVIRONMENT/ AUTONOMY/trust
0
0
3
0
4
0
2
4
1
3
0
4
5
26
YY*CA-VISN visionary, sees long term, wants to make a contribu..
0
0
0
4
9
2
5
1
3
1
3
0
0
28
YY*CA-ANALYTICAL, breaks down problem< seeks solutions
0
3
17
0
0
1
3
4
0
0
3
2
0
33
YY*CA-COMM-OKFAIL
3
0
0
1
0
3
1
0
0
2
0
0
0
10
YY*CA-COMM-RESOURCES
0
0
1
0
3
0
0
1
0
0
0
3
2
10
TOTALS:
48
54
76
62
59
33
64
38
38
43
42
56
49
662

13
12
12
12
11
11
11
11
11
11
10
10
10
10
9
9
8
8
7
5
5
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Appendix H Final Mapping of all 46 categories and 20 participants
P 1: P 2:
P10:
P14:
P17:
P33:
120725 120613- P 3:
P 5:
P 8:
P 9:
120810_0 P11:
P12:
P13:
120716_0 P15:
P16:
120731_0 P19:
P23:
P25:
120814_0
_002 001
120628_0 P 4:
120726_0 P 7:
121006_0 120802_0 01
120706_0 120627_0 120712_0 02
120724_0 120730_0 01
120813_0 121016_0 121018_0 01
Riley.rt Richard.rt 02
120716_0 01
121005_0 01
01
Carol(1).r 01_Peter. 01
01
Aubrey.rt 01
02
Edward.rt 01 Joseph 01
01
Nathan.rt
f
f
Toni.rtf 01 Ted.rtf Dana.rtf 01 Ian.rtf Ryan.rtf Tarik.rtf tf
rtf
Bruno.rtf Doris.rtf f
David.rtf Pierre.rtf f
.rtf
Greg.rtf Jordan.rtf f
TOTALS:
CA-KNOWACCUM knowledge accumulator
5
3
9
3
3
2
3
3
2
1
3
4
6
3
6
6
1
2
2
16
83
CA-KNOWINTEGR knowledge integrator
3
2
3
5
2
2
5
1
5
0
0
2
5
4
5
1
1
2
2
4
54
CA-TEAMING-form, manage, work as teams,
8
5
4
0
4
0
6
2
0
5
4
1
4
8
3
8
3
0
1
3
69
CA-ALT alternatives seeker
2
2
5
6
5
0
6
1
2
4
1
2
2
0
1
0
4
3
2
3
51
CA-CHALNGR willing to do things differently, challenger
1
2
2
11
10
3
1
1
2
6
0
1
1
0
2
1
3
1
0
2
50
CA-PASSIONATE passionate-fervent-excited
4
1
5
1
0
0
2
2
2
0
4
3
4
1
2
5
1
1
1
3
42
CA-PROBSOLVR-good at problem solving,
0
10
2
1
1
2
0
12
1
1
6
4
1
9
2
2
1
1
1
0
57
CA-COMMCTR communicator
3
3
2
3
1
0
3
1
0
0
3
2
1
1
0
0
0
1
0
1
25
CA-COMMUNICATES
0
0
2
0
0
0
0
0
0
0
7
6
2
4
0
6
2
3
3
1
36
CA-CREATE creative
4
3
0
2
1
0
4
0
1
7
7
1
5
1
1
3
0
2
2
3
47
CA-PERSVR persistent, diligent, courageous
0
7
0
1
4
2
4
2
2
0
1
5
2
4
0
1
2
2
4
1
44
CA-DEVLPR develops ideas< prototypes<tests idea
5
2
4
1
6
8
2
0
1
3
2
2
0
1
0
0
3
2
0
1
43
CA-EXPRMTR experimenter
3
2
8
7
0
3
2
0
2
1
1
0
2
1
2
0
1
1
0
2
38
CA-MKTAWARE market/business savvy-entreprl thinking
1
0
3
7
1
0
3
0
3
2
2
4
1
6
5
1
2
4
0
0
45
CA-TEAMPLYR teams up, works well with others
8
1
7
0
4
0
1
0
0
1
2
6
4
5
1
5
1
2
5
0
53
CA-IMPLMTR implementer
2
0
0
7
1
2
0
1
3
6
1
4
2
0
0
2
2
0
1
4
38
CA-PROJ/BUS MGR
0
0
0
0
0
0
0
0
0
0
3
5
3
0
0
2
0
0
1
3
17
CA-NETWKR networker
1
4
0
2
0
0
2
3
5
0
1
7
3
6
0
2
3
1
1
0
41
CA-OKFAIL failure tolerant, accepts risk
0
7
3
3
1
3
12
0
3
0
1
1
0
3
3
0
3
0
1
0
44
CA-VISN visionary, sees long term, wants to make a contribution0
0
0
4
9
2
5
1
3
1
3
0
0
2
2
4
1
1
5
0
43
CA-STRATEGIC THINKER-long term planner
0
0
0
0
0
0
0
0
0
0
6
1
0
3
0
0
0
0
0
0
10
CA-ANALYTICAL, breaks down problem< seeks solutions
0
3
17
0
0
1
3
4
0
0
3
2
0
0
1
1
2
0
0
1
38
CA-PROB DEFINR
0
0
4
0
3
0
1
3
0
0
1
3
0
2
1
0
0
0
1
0
19
CA-ADPT adaptable-flexible
0
0
0
5
1
2
0
0
2
0
1
2
1
2
0
0
0
0
1
0
17
CA-AMBIG able to handle ambiguity, uncertainty
1
0
0
0
1
0
0
0
2
0
0
2
1
0
1
0
0
0
0
0
8
CA-ANTHROPOLOGIST
9
1
0
0
0
0
0
0
0
1
0
8
0
0
1
0
0
0
0
0
20
CA-EMPATH empathetic, aware of, sees a customer need
8
3
2
2
0
0
0
1
2
2
0
4
1
4
0
0
0
1
0
0
30
CA-ASKS asks questions,listens,reflects
4
3
0
7
2
1
0
0
0
1
0
4
0
0
0
0
0
0
2
1
25
CA-CURIOUS-intrigued
3
1
0
0
0
0
0
0
0
3
2
1
0
4
0
1
0
1
0
1
17
CA-CHNGEOVTIME-KSAs change with experience
1
CA-COMPETE drive, compares results with others, self
0
CA-EFFORT works hard- determined
0
CA-CONFIDENT-in abilities, will find solutions
0
CA-ETHICAL
0
CA-HUMBLE humble-not just seeking rewards or recognition 1
CA-INDEPDNT independent
0
CA-LEADS leadership skills
0
CA-LEARNEDHOW-experiential,experience
1
CA-LEARNEDHOW-Medici effect, diverse training or experiences1
CA-LEARNS
0
CA-METACOGNITIVE
0
CA-MULTI-TASKER
0
CA-NORULES rule breaker
0
CA-NOTANALYTICAL
0
CA-OWNSIT takes on responsibility for results
1
CA-SHARE-help others, give away things
0
TOTALS:BEFORE DELETION S
99

0
1
3
7
0
6
0
0
1
0
0
0
0
0
0
0
2
93

0
0
0
0
0
1
8
3
0
0
0
0
0
0
2
3
1
116

0
0
0
0
0
0
3
0
0
0
0
0
0
3
1
0
0
149

1
5
0
0
4
0
0
1
0
0
0
1
0
1
0
0
0
113

0
1
0
0
0
0
1
1
0
1
0
0
0
0
0
0
0
76

0
9
0
2
0
3
0
1
1
0
0
0
0
0
0
0
1
111

0
4
0
0
0
0
0
0
0
1
0
0
0
0
0
2
3
76

0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
82

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
81

0
2
0
0
0
0
1
2
1
1
0
0
0
0
0
0
1
87

0
2
0
2
0
0
4
0
1
0
0
1
0
0
0
3
2
144

2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
91

0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
117

0
0
0
2
0
0
4
1
0
6
0
0
0
1
0
1
0
89

2
2
0
1
0
1
1
1
0
1
0
0
0
0
0
0
0
76

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
69

0
0
1
0
0
0
0
1
0
1
0
0
0
0
0
0
0
52

0
0
3
2
1
0
1
4
2
4
1
0
0
0
0
0
0
68

0
1
0
1
0
0
2
2
5
4
3
0
1
0
0
0
0
102

6
27
7
17
5
14
25
17
12
21
4
2
1
5
3
11
10
1891
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Appendix I Category Combination Examples-Yellow highlight is the new category*

11

12

CODING LABEL

ACRONYM

NAME

CA-ADPT
adaptable-flexible

ADPT

Combine
with
developer

In vivo (words and
phrases) Definition

#
Participants
9

changes based on new
data, makes path
corrections, accepts
new ideas
CA-DEVLPR
DEVLPR
Combine
develops idea,
15
develops ideas<
with
prototypes, finds what
prototypes, tests
adaptableworks, what doesn't,
idea
flexible
learns from failures
CA-DEVLPR
DEVLPR
Developer
changes based on new
17
develops ideas<
data, makes path
prototypes, tests
corrections, accepts
idea
new ideas develops
idea, prototypes, finds
what works, what
doesn't, learns from
failures
CA-AMBIG
Combine
tolerant of ambiguity,
6
with
uncertainty, grey
EXPRMTR
space
CA-EXPRMTR
Combine
see mistakes as
15
experimenter
with AMBIG opportunities
CA-EXPRMTR
EXPRMTR
Experimenter see mistakes as
17
experimenter
opportunities, tolerant
of ambiguity,
uncertainty, grey
space, doer, ready to
try something, makes
abstract concrete, lots
of energy, move[s]
forward
* Shaded (gray) categories were combined into (yellow) highlighted categories listed
immediately below. Number of participant mentions had to be recounted and is not
simply the sum of the combined category mentions. Number of quotes is accidently the
sum of combined codes because no quote had both categories attached to it before the
redefinition was done.

# Quote
Mentions
17

43

60

8

38
46
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Appendix J All Category In vivo Phrases
Characteristic name

In vivo (words and phrases): Characteristic Definition

Deep Learner,
Attribute

Depth and breadth of knowledge and experience, domain
expertise, know a broad base of subjects deeply enough that they can
provide meaningful contributions and information to problem
solving, voracious knowledge gatherer,
I was working on this problem 10/15 years ago,
(I) rely on (my) knowledge of a vast array of technologies,
You can always count on what comes out of his mouth, you can
count on that they knew it,
They happen to know a lot of stuff about all kinds of things, broad
raft of experience in the domain, Master (of) the work (like a doctor),
(He) knows exactly what this is about and he can help me, They are
natural learners or sponges, basically interested in virtually
everything, broad experiences, broad exposure,
Deep content knowledge, tremendous depth in their area,
Always reading or taking in information, voracious knowledge
gatherer, prolific readers, a library in (their) head, They soak up
whatever knowledge or information they can.
An engineer that has a range of life experiences often is a pretty
innovative contributor,
A lot of engineering is empirical, it isn’t science based actually, it’s
experience based.
Experience and clairvoyance, experience and analytical skills to
choose the best of the ideas,
Experience matters, Life experience and knowledge matter. It’s just
how you obtained your knowledge.
I think experience trumps books in a lot of cases.

Active LearnerCurious
Attribute / Action

Curious/asks questions- with a love of learning.
What those teachers will teach you is a love of learning that will last
a lifetime,
I see innovators as being very curious and eager to learn, eager to be
taught,
People that are good at (innovation) are very good listeners. They ask
good questions.
People good at innovation (are ) eager to learn from others,
One of the questions I always ask myself is: What have others
missed?
They have this sense that I’m not as good as I’d like to be, I haven’t
made it yet, I can get better, I can learn to be better.
I like to read but I also like to have conversations with people- so I
can learn a whole bunch of things,
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(they have) this belief that a better way can be found, And they’re
willing to work at it as a learner,
I just love to meet new people. I just love to learn new things.
I fell in love with learning at that point.
He was not a formally educated individual, but his way of looking at
things was just unique, he used to come up with simple but very,
very, elegant solutions to problems.
Vision/ Caring
Action

Sees, thinks long-term, wants to make a contribution, caring
Imagines the future, sees a critical need, wants to make a
contribution. Has a 10 years from now goal.
You’ve got to have a long term focus too, some ability to think longterm rather than short-term
They’re forward thinking, they live in the future, their heads are in
the future.
I take on challenges where I think can help the situation, where I can
help people have a better understanding of their situation so that they
can be better, and the world can be better.
Creates opportunities and get exposed to things that sound bigger
than what you normally could do.
My desire now is for challenging projects that require me to stretch
and have reasonably high outcomes or outcomes where the client is
trying to pursue what would call a noble goal.
You have a goal in mind where you need to get to and you start with
where you are now and you look at what you have and you bridge
that gap.
You’re hired essentially to create the future and the future’s going to
get created, the only real question is whether you’re going to have
any part in that future. The idea of creating the future really excited
me
It’s a sense of humility that you don’t know the answers but you
know a process that will help you find the answers. They help others
learn.
They’re trying to get rid of pride, the best innovators.
They’re not trying to just get credit for themselves, they see that if
they give away what they have they will gain all the more.
And that was kind of his attitude that he was ready to help anybody
with any problem.
That’s another quality of innovation, you have to be out for the
broader good rather than to enhance your own individual self or
individual career.
They tend to be trustworthy. They tend to be transparent. They tend
to be very honest.
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Knowledge
Integrator,
Action

Alternatives
Seeker
Action

Lateral, non-linear thinker, associative thinker
The ability to know when, where, and how to apply the knowledge you
have
They are able to draw their ideas from a wide range of sources.
Grabbing two seemingly unrelated things, putting them together and
coming up with a third
They have this ability to associate things that they’ve seen in the past that
solve different kinds of problems. All of us have tended to use a crescent
wrench as a hammer one time or another.
Having all these past experiences to draw on, and the two just kind of came
together in some kind of new application.
Innovation is, it’s that ability to pull from all these different areas and
integrate that together
One characteristic is just nonlinear thinking. Their ability to jump around in
a conversation is surprising, and they’re like, you know that’s kind of
related to this other thing.
They happen to just know a lot of stuff about all kinds of things, they
connect a lot of things together
Someone that is a lateral thinker, not linear, is able to connect adjacent
pieces or patterns
But typically an innovation occurs for me when I’m aware of a problem and
I might be working from an adjacency and all of a sudden I apply that to the
problem.
I have worked with great people who solved mechanical problems and
they’re not mechanical at all, it’s more perspectives, thinking about it
differently.
Seeks alternatives, thinks/looks beyond what they know,
Imagines solutions, open minded, see(s) possibilities
Innovators in my mind have this sense that there’s got to be a way to solve
this, there’s got to be a better way and I’m going to persist until I find a
number of ways.
So we had this team that functioned about two years, kicking around ideas,
running tests, coming up with new ideas.
For me it was always kind of trying things, and then address the
weaknesses.
So you’ve got to be saying, Okay, if we go in and it doesn’t run on the
machine, if this happens, then what do we do?, what are our alternatives?
I think an engineer feels that way about a problem solution but he/she
knows that there are more than one solution to a given problem.
I’m always looking for some different or better way to do things.
You have to be open to looking at things in non-traditional ways, they call
this out-of-box thinking.
It’s just keeping on, keep beating on the door, going around the problem
and thinking of it again and again, and then it just comes to you.
Someone that can think beyond the problem to potential possibilities
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outside the realm of capabilities that they have.
Challenger
Attribute

Willing to do things differently, challenger of status quo, l
Always unsatisfied with the
way things are, doesn't follow
rules, not bound by rules.
Not being afraid of doing something unconventional and at least giving it a
try.
I think because to be innovative you have to get around the, well this is the
way we’ve always done it, right?, this is the way it has to be done.
Champions realize that you have to do something different, that you can’t
keep doing business the way you’ve been doing it.
My thought is that highly innovative people are the ones that challenge
authority.
Inhibitors are the ones that cannot get out of the short term, or say this is the
way we’ve always done (it).
They don’t mind bucking the system, they’re not afraid of pissing people
off, they may even enjoy it.
They’re irreverent to the status quo, they push themselves to think
differently about problems.
I think of non-innovative people as people who are perfectly content to just
so the same thing all the time.
It’s always just looking at options and not just accepting the status quo
I wish I was left-handed, when I start feeling uncreative I will do weird
things like start eating left-handed.
Some of us can get into a routine and we get so routine that we forget all
about all the discomfort, innovators these are people-(routine) bothers them.

Experimenter,
Action

Doer, ready to try something, makes abstract concrete
Lots of energy, sees mistakes as opportunities moves forward
People who can take abstract things and turn them into tangible artifacts.
So again I got this itch. It’s like I wonder if I could scale this thing up from
what it was and see how well it can (perform).
He would invent tests that would take one unknown out of the equation and
then understand, okay, that’s what happens when this situation occurs.
And then once you get that going then you start thinking, how do I go about
testing it?
And when you are doing what we call the base prototyping, going in the lab
and just seeing if I put A and B together , what happens?
They’re ready to try something, they’re ready to do something.
So they work good in the grey. They don’t have to have everything black
and white, They don’t have to have a tangible, They are able to create in
grey space.
I feel that I have to do something about (the idea) or I lose the energy, so if I
make a connection I have to put in place steps to see if that would work.
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I don’t see any alternatives to experimentation and making a heck of a lot of
mistakes.
He just knows (control) software very, very, very well and tinkers all the
time in the lab. He’s had multiple breakthroughs.
The ability to tolerate ambiguity.

Communications
Skilled
Attribute,
action

Extroverted, sells ideas Sells idea to others, Storytelling, able to sell idea,
extroverted, reflective, advocates
they’ve got to rally other people around them and the idea, and sell the idea
in a way that enables the usefulness of it, the value of it to be seen by
others.
He’s gotta get people to buy into the idea.
As an innovator you have to find your champions, you have to sell it to your
champions, these champions are the ones that know how to get the work
done, have the connections to protect you a little bit, but also to get you the
resources that you need.
The first thing your champion is going to have to want to see is, how am I
going to create value, be it for myself or be it for the company.
They’re good talkers, you can’t slide paper under their feet, they’re not
floating an inch off the ground.
They tend to be the people who like to go and share and present.
I’m an extrovert, I mean clearly. But I think that an important (part of) the
frontend for me.
They have to (be) advocates for themselves, and for their ideas, and for their
teams.
He’s one of these guys that again is strong technically but he is capable of
communicating.
You certainly have to be a good communicator both verbally and in the
written form, and whatever (other) forms that might come up.
They’re knife fighters. They’re fighting for resources, fighting to get their
projects done. They’re extroverts.

Passionate
Attribute

Passionate, excited
Excited, love to be doing, passionate
Strong enthusiasm for something, discovery for the first time has a sense of
power to it.
They know I won’t retire, Why would I leave something that is as joyful for
me personally as this is?
Innovators have passion and they respect other people enough that they help
them see the value that they see in this solution, they know the need of
getting other people involved and bringing it to pass.
It’s just focus and drive to achieve something, you don’t take baths, you
don’t eat, you don’t interact with people. It’s a passion to see it done.
Nothing else matters, It’s long, like the incubation period for products (is)
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like 6 months before people actually start buying it.
What is the single most important force that helps you innovate? I can’t
narrow it to one. I say passion and perseverance, never giving up. There
shouldn’t be anything that stops it totally.
To me the most intellectually exciting thing to happen to me is for me to
discover something nobody else knows and I know it and I get to share it.
The kind of people that I help innovation, they themselves are extremely
excited about it. Value it, Enjoy it.
They are excited. They call you in the middle of the night excited because
that thing, their assumption that they have found the thing is completely allconsuming until they have fleshed it out.
Developer
Action

Develops idea, prototypes, finds what works, what doesn't , flexible,
adaptable
It’s the transformation between thoughts and words to using your hands, to
draw, to write, to glue to tape
Once you select one (alternative) that looks like it has good merit, then
you’ve got to build a prototype, you’ve got to make a model, you’ve got to
do some detailed analysis work to set parameters and to try it out
(Then) they’ll build a more refined prototype. There‘s all kinds of
prototypes, a prototype for appearance, for functionality, so you build lots
of prototypes and do lots of modeling and lots of refining, lots of
improvements.
And you have to have this ability to adapt.
(Makes) changes based on new data, makes path corrections, accepts new
ideas
When you discover it’s not working, it’s about figuring out why it’s not
working and adapting to your next version of it.
I mean you still have a goal in mind, but the specific route as to how you
get to that goal might change.
When you’re being innovative you have to adapt and you have to change
maybe your task and your project based upon what you learn as you go
along.
They are willing to change their vision or their roadmap based on what new
learnings or new things come about. They are willing to pull a stake out of
the ground when new information comes in, they’re flexible.
The design also includes outcome measurement. Are we doing what we
said? Is it working? Is it functioning/
And then being able to measure or monitor their success at really early
stages and look for signals that would tell them how to keep going with that
line of thinking.
You also have to have some idea ahead of time of how it’s supposed to
work and how to test whether it might work or might not work
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Implementer
Action

Gets tasks done, reliable, detail oriented
They’re focused, focused people, very disciplined, planner, planner/project
manager
Pessimistic, watches out for Murphy, (does) not allow scope creep
(Has) less risk tolerance, wants more certainty, meticulous and careful in
analysis
She’s the one who organizes all the resource planning, all the detail, very
detail oriented, the people who drive things to conclusion are like that,
they’re very detail oriented.
But somewhere along the line you need the project engineer that says,
Okay, here’s the task we’ve got to get done. And this is the timing. Now
we need to get these tasks done.
And the people who usually bring the baby home-so to speak-are the fact
based, safe guarders, detail oriented individuals doing the end of it.
You give them the solution and they go do their job because engineering
always has to follow the discovery of an innovative solution. It’s just like
quality follows innovative solutions.
It’s very regimented on time. We have 3 months to deploy. We have
certain constraints. We have budget constraints. We have people
constraints. They’re operating within a bounded system.

Creative,
Action

Invents something new, bring into existence
I think most people are creative at their core. It’s almost the essence of a
human being to be creative, imaginative, innovative.
Creation means bringing into existence something that didn’t exist before.
You need some people who know how they might modify the machines or
do things differently to get what you need.
My clients like me because I try to broaden their thinking, ‘cause I’m a
divergent thinker.
The ability to generate and leverage imagination based on existing
competencies and invent something new.
You need somebody to unlock the avenues for innovation and be able to
see ways past the current methodology, and that’s where creativity comes
in.
I think creativity in engineering is central to it.
He’s just (a) really creative individual. Why is he so creative. I thinks it’s
because he’s so open.
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Persistent,
Attribute

Committed, determined, resilient
Resilient, aggressive,
They make and keep commitments and they work hard.
They say they’re going to do something, they work really hard to make it
happen to try and keep that commitment.
So in my mind great learners, great innovators, they tend to work hard.
(They) expect opposition and work to overcome it. They have this sense of
persistence.
They don’t give up easy. Thomas Edison, He worked hard. He expected
opposition and he worked to overcome it.
They’re individuals who are not easily thwarted. They’re like pit bulls.
They grab onto something and they hang onto it. They think it’s a good
idea they don’t let go.
Why push on anything? Why do I keep pushing on everything? And I do it
to myself too.
They’re persistent. They, again, have courage. They will continue to
pursue (the idea) even if someone says It’s not what it should be. It doesn’t
make sense. They constantly exhibit that courage and resilience and
persistence regardless of the barriers in front of them.
Once the idea is evolved, that part, that stick-to-itiveness, that endurance,
all that, I don’t think that’s unique to engineering but it’s certainly
essential.
Sometimes when you tell somebody your idea it’s not going to fly. They
don’t stop telling people. They have a way to take in that criticism, put it
aside for when they know they’ll need it later, but it doesn’t stop them
from moving forward.

Self-Reliant
Attribute

Confident, individualistic, self-motivated
I would’ve been better off thinking on my own
Self-reliance, independent
What tends to make people think I am innovative is really just taking a real
personal ownership of a particular problem and coming up with a solution
that isn’t out there.
I never felt I had much luck just telling someone about (the idea).But if I
could show them, so it takes a lot of work on my part to get it to the point
where someone is gonna pick it up and help me run with it
I think it comes from the sense of confidence that there’s a solution and
they see it will be meaningful if it can be found.
A strong sense of self-reliance; that if something was going to get done
you were going to do it It takes a sense of faith that you might find a way
to make it better.
For me it’s just kind of me on the side seeing what I can come up with.
And then eventually it works its way into a presentation I give to the small
team, then it percolates with them for awhile.
The best motivation to me has always been someone told me I couldn’t do
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Market/
Business
Savvy
Attribute

Analytical
Attribute

Team

something. As a women in engineering, a lot of people told me I couldn’t
do things. One of them I told: Don’t you ever tell anybody they can’t do
anything again, I’ve always had that bit of a pissy streak in me.
So I think a lot confidence in yourself goes a long way, You’re happy with
yourself.
I was the one who drove the research and development. I think a lot of it is
drive.
Understands customers/ markets-entrepreneurial thinking
Market awareness, opportunity recognition
Entrepreneurial thinking is important, certainly understanding the business
implications of what we are doing.
You have to look at the economics of it, how am I going to make this
economically viable?
You shouldn’t have to think about it for more than 5 seconds before you
can give an answer to, How will our company create value using this
technology?
Once you have the concept or idea you then have to take that amorphous
thought or concept and make it practical.
Really good engineers that are innovative need to have an understanding of
market awareness and domain expertise. They need to be business savvy.
They need to have the ability to look at the invention or idea through the
lens of a business proposition.
But again if you’re going to convert an innovation into a commercial
endeavor you’ve got to approach it in a way of solving multi-functional,
multi-department kinds of issues.
You can spend an awful lot of time on interesting technical challenges that
will ultinmately never make the company any money.
Meticulous and careful examination of the problem,
Define functionality of the system and that’s useful functions and harmful
functions TRIZ//iterate that through as much time as you can take
He would definitely break things apart into small enough components that
he was sure he understood that aspect of a property.
I think again it comes from observing things along the way and
understanding why it happens and why it shouldn’t continue to happen into
the future.
I would see in evaluating problems, a very hard-data oriented guy, don’t
sweep anything under the rug, there must be something going on there and
we need to understand it.
They do the analysis, they look where the shadows are and stuff.
They needed structured approaches to be able to analyze it and get into the
detail. As soon as they saw it the solution popped out to them.
Do what I think of as drilling down and really understanding root causes.
I also have an interest to really dig down into problems and really
understand them.
People trust you, You have a network
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Player/Netwo We generally would work together in teams because you can always learn
from the other person.
rker
Generally the (innovation) result is made up of a number of people with
Action
little bits or pieces of innovation that each has done to synergistically bring
them together
The concept of innovation, no human by themselves is brilliant enough to
think of everything, and so when you need one (person), bring two
(persons).
You have certain things that you’re responsible for and have to execute.
People trust you to execute.
Because you just can’t do things by yourself, it’s not going to happen if
you try to be a lone ranger.
I loved the group we had. We had some fantastic times together. We had
some fantastic successes together. From the technician all the way up to
the engineer. It was some of the most enjoyable times.
People trusting your teamwork, coordination, collaboration, cooperation
I actually think it takes a village to raise an innovator.
To be a successful innovator and ultimately an entrepreneur, having a
network of people
You have to go out and find the people to work with
You have to tap into other areas. You have to have a network
You’ve got to be willing to find these people, make the connections, and
bring these different ideas in, The network supports you, they give you
ideas.
I fundamentally believe that to solve the complex problems you have to
work with multiple people
User
Empathetic, aware of a customer need, focus on the customer
You can’t simply infer from your own human experience what it is that
Focused,
they need. You actually have to go understand those people
Attribute
What we’re really discovering is who are these people, learning about the
person, not the goals of the product, but just simply who is this person.
People that are good at that are very good listeners, they empathize with
people that they see having had this experience of having a need met.
They watch people in their circumstances, they’re careful not to jump to
conclusions without identifying carefully what they have observed
A true innovative person is able to view it (the problem) through the lens
of others and that would be the end user, the customer, the chooser, the
user, the business, so that’s truly innovative when you can take what you
know and what you’ve done and put it through that lens and make
something that delivers.Being aware of customer needs, that’s really the
catalyst for me for innovation.
We’re going to listen to our customers, whoever’s the owner of the
problems really well. The journey that I usually start with is our job is to
know the customer, the problem-owner, better than they know themselves.
And if you commit to that it largely means you never stop.
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Appendix K Summary of the Grounded Theory Analysis Approach Used in this
Qualitative Study
1. Researcher assigned pseudonyms to the entire engineering innovator participant
population based upon the most frequently used U.S. actor names and baby
names.

2. Researcher initially selected 9 participant interview transcripts from the
population of 45 engineering innovator interviews based upon:
a. Researcher’s judgment of the richness of the interview
b. Varied backgrounds of innovation experiences in corporate, academic
and entrepreneurial venues and varied demographics of the participant
c. Early, middle and late participation in the population data collection
process
d. Different engineering training and backgrounds
e. Interviews selected were from pseudonyms: Ted, Carol, Ian, Riley,
Ryan, Toni, Dana, Richard, and Tarik

3. Researcher loaded all 9 initially selected transcripts into Atlas.ti software which
was used to assist in the analysis process.

4. Researcher selected 3 of the initial 9 selected interviews to begin in vivo coding,
the selection based upon the same criteria as defined in Step 2: (Ted, Carol, Ian).

5. Researcher coded in vivo all significant words and phrases in the initial three
interviews. The in vivo codes were further identified by a 22 part prefix coding
schema that identified the position in the interview protocol in which the
participant word or phrase was located. Researcher created 160 in vivo codes in
this first coding pass.
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6. Researcher re-coded the three initial interviews a second time for instances of all
identified in vivo codes resulting in a total of 291 in vivo codes from 205 minutes
of recorded conversation contained in the three transcripts. This process
constantly compared existing in vivo codes with the new word or phrase.

7. Researcher recoded the three initial interviews a third time for instances of
descriptions of non-innovative engineers which added an additional 56 in vivo
codes for a total of 347 in vivo codes identified in coding the three initial
interviews.

8. Researcher initiated weekly discussions with a collaborative coding team to
debate and audit the researcher’s coding assignments and in vivo based
definitions. This same team also collaboratively executed the pilot study and
collaborated in each of the 12 interview protocol revisions.

9. Researcher cross-compared all in vivo codes and intuitively combined 82 in vivo
codes resulting in a net 265 in vivo codes based on the initial 3 interviews.

10. Researcher created an initial set of 16 categories or focused codes by combining
158 of the 265 in vivo codes into 16 categories that addressed the 2 study research
questions.

11. Researcher selected 12 100-400 word excerpts from an additional 5 interviews
which spanned 6 of the 22 parts of the protocol positioning schema, that is, those
interview parts associated with defining an innovation, defining the innovation
process, positioning a characteristic in the innovation process and confirming an
engineering innovator’s insight into an engineering innovator’s distinguishing
characteristics by reflective questioning.
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12. These 12 excerpts were then used in coding comparisons with the analysis
collaborators. After all parties coded the excerpts we reviewed in vivo coding
assignments, category coding assignments and in vivo-based category definitions.
There was 90% agreement on coding decisions and definitions before the
collaborative discussions and 100% agreement on coding decisions and in vivo
code definitions after discussions with the analysis collaborators.

13. As a result of these coding comparison discussions of the 12 excerpts and three
initial coded interviews with collaborators the researcher expanded the identified
categories to 26 categories or focused codes.

14. Researcher concluded that there was sufficient evidence to draw a model of the
innovation process based on the three coded interviews and the coding of the
excerpts from the 5 additional interviews. At this first model creation the
engineering innovation stage model was defined as three stages: the beginning,
middle and completion of an innovation process.

15. Researcher concluded that every category code going forward would be coded
twice with both a category label and a theoretical positioning reference relative to
the model of the innovation process. The theoretical reference was directly
established from the in vivo data; a specific stage of the innovation process was
mentioned by the participant when describing the innovative characteristic or by
the position of the participant data within the interview protocol, that is, the
participant was discussing characteristics they believed to be associated with
engineering innovativeness in the stage of the innovation process they were
describing.

16. Researcher re-coded the initial three interviews a fourth time to assign the now 26
categories to all appropriate in vivo words or phrases.
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17. Researcher recoded the three initial interviews a 5th time to individually place
each individual category code instance in a situated position within the stages of
an innovation process or related to innovative behavior in the innovation process
but not identified to a specific stage. A cloud metaphor was used to illustrate this
category positioning. This code positioning was classified as axial or theoretical
coding as it defines the characteristic relationships in the participant data relative
to the research questions. Categories were situated into one of four theoretical
codes, beginning (theoretical code A), middle (theoretical code B), or completion
(theoretical code C), of the innovation process or within the innovation process
cloud but not specifically identified to a stage of the innovation process
(theoretical code D). Categories can exist both in a stage (model 2) and in the
overall engineering innovativeness cloud (model 1) based on analysis of
participant data.

18. Researcher constructed Model 1 and Model 2 cloud maps of engineering
innovativeness for each of the first three interviews and each cloud map was
unique when compared to the cloud maps of other participants. This result is
consistent with a social constructionist theoretical position.

19. Researcher and analysis collaborators concluded that category and theoretical
saturation had not been reached at 3 interviews with virtually no agreement on the
engineering innovativeness model when comparing characteristics identified by
the first three coded participant transcripts. An aggregated model of all three
individual characteristic models was also constructed.

20. Researcher and analysis collaborators clarified the in vivo definitions of the 26
currently existing categories and also labeled categories either actions [skills] or
attributes [type of knowledge or personal attribute].
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21. Researcher re-coded the three initial interviews a sixth time to uniquely identify
and map participant data for the influence questions (Does personality, education,
community or intelligence affect your ability to be innovative?).

22. Researcher developed 7 initial assertions/findings for discussion with both
collaborator groups. The initial assertions were held to be reasonable by both
collaborator groups based on the limited coding completed at that point.
23. Researcher then coded the additional 6 interviews selected for 2nd stage coding
and created 15 new coding categories for a total of 41 category codes after
completing analysis of the 6 additional participant interviews. The first three
interviews were re-coded a seventh time for all new categories.

24. As every new category was identified all previously coded transcripts were
completely recoded for instances of the new category. This coding and recoding
required a constant comparison of new participant data to previously coded
category in vivo definitions in order to determine whether the new participant data
was similar to an existing coding category or a distinct new coding category.
Categories were defined using only in vivo definitions as a grounded theory
analysis approach suggests.

25. As each additional interview was coded, all previous interviews were recoded if a
new category was added to the code book. A prevalence map was created using
the Atlas.ti software to examine whether categorical or theoretical saturation had
been reached. No new theoretical codes to define the innovation process emerged
after coding of the first three interviews. However category prevalence in the
stages of innovation changed as new participant data was added to the analysis.
The categories that emerged and continued to emerge were different than the
categories identified by the first three participants. Models 1 and 2 were redrawn
after each new participant’s data was added to the overall analysis. This
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redrawing of the models was accomplished by examination of the prevalence
matrices produced by the Atlas.ti software.

26. Researcher then loaded 11 additional participant interviews which were selected
based upon criteria in step 2 into the Atlas.ti software and began coding this
additional participant data. Category saturation was reached after coding 10 total
participant interviews, that is, no new categories were identified. Category
emergence stabilized after 15 interviews and an additional 5 interviews were
coded by the researcher to ensure category saturation and emergence stabilization.

27. After completing coding of 20 interviews the researcher inductively reduced the
number of categories to 24 categories from 41 categories by comparing the in
vivo definitions of all categories and looking for situations where infrequently
mentioned categories could reasonably be combined with redefined stronger
categories strength measured by frequency of participant citations.
28. Examining the prevalence maps after 20 participant interviews were coded, the
researcher with concurrence from both collaborator groups decided that unless 15
or more of the 20 participants cited a category, a characteristic would not qualify
for placement in the engineering innovativeness cloud-model 1.
29. Similarly for placement in the stages of innovation model the researcher with
concurrence from collaborator groups decided that unless 8 or more of the 20
participants cited a category or characteristic as belonging in a specific stage a
category or characteristic would not qualify for placement in the engineering
innovativeness stages of innovation model (model 2). The threshold was set lower
for stage placement over cloud placement because only 3 of the 10 protocol
question parts actually focused on the stages of the innovation process.
30. All 1600 quotes identified for each of the 24 categories and the definitions of an
innovation and the innovation process were then examined and sorted for use in a
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story that explained and defined each of the 20 characteristics as lived or observed
by the study sample of participating engineering innovators. For each
characteristic a table of in vivo quotes that described the characteristic was also
collated.

31. As the researcher created the explanatory characteristic stories, examining the
detailed evidence resulted in the redefinition of 2 categories, Deep Knowledge
and Active Learner. Several categories without the required prevalence to be
placed into the models were also combined into other redefined categories with a
net result of only 20 categories of focused codes with created stories and positions
in the models.

32. All 200+ quotes used in the characteristic stories and in the definitions of an
innovation and the innovation process were examined for redundancy to ensure
that a selected quote from participant data was used only once as characteristic or
assertion evidence.

33. Persona profiles of all 20 study participants were created by the researcher to help
readers understand the perspectives of the engineering innovators in the study
sample.
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Appendix M Line plots of characteristic mentions versus participants
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Appendix N Framework for Entrepreneurial Engineering Project definitions
KSA
Discover
Domain knowledge

Recognizes
opportunities
Idea generator

Keen observer
Recognizes value
Empathy

Curiosity

Dissatisfied with
status quo

Flexible

Develop
Technical
knowledge

Definition
Domain knowledge is valid knowledge used to refer to an area of human
endeavor or other specialized discipline.
Specialists and experts use and develop their own domain knowledge. If
the concept domain knowledge or domain expert is used, it emphasizes a
specific domain which is an object of the discourse/interest/problem.
Recognize = identify something from having encountered it before; know
again:
Ideas. They make the world go round. The famous American architect and
author, Frank Lloyd Wright, called ideas “salvation by imagination”, and
a good idea can take you far by helping you get that promotion, make
more money, or inspire others.
Intellectually alert : having or characteristic of a quick penetrating mind
See above
Empathy is the capacity to recognize emotions that are being experienced
by another sentient or fictional being. One may need to have a certain
amount of empathy before being able to experience accurate sympathy or
compassion.
Curiosity (from Latin curiosus "careful, diligent, curious," akin to cura
"care") is a quality related to inquisitive thinking such as exploration,
investigation, and learning, evident by observation in human and many
animal species
“If there is dissatisfaction with the status quo, good. If there is ferment, so
much the better. If there is restlessness, I am pleased. Then let there be
ideas, and hard thought, and hard work. If man feels small, let man make
himself bigger.” Humphrey, Hubert H.
1 : capable of being flexed : PLIANT
2 : yielding to influence : TRACTABLE
3 : characterized by a ready capability to adapt to new, different, or
changing requirements
Definition
Your detailed understanding of anything that can be applied or reasoned
with in any shape or form for any issues or applications is technical
knowledge.
Your ability to skillfully and best perform and or put in practice your
technical knowledge is technical skill.
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Business acumen

Alternatives seeker
Engages
stakeholders

Market focused

User centered

Failure tolerant

Business acumen is keenness and quickness in understanding and dealing
with a business situation in a manner that is likely to lead to a good
outcome. The term "business acumen" can be broken down literally as a
composite of its two component words: Business literacy is defined in
SHRM's Business Literacy Glossary as "the knowledge and understanding
of the financial, accounting, marketing and operational functions of an
organization." The Oxford English Dictionary defines acumen as "the
ability to make good judgments and quick decisions".
"one of a number of things from which only one can be chosen", to try to
acquire or gain
Stakeholders are people or organizations that are invested in the program,
are interested in the results of the evaluation, and/or have a stake in what
will be done with the results of the evaluation. Representing their needs
and interests throughout the process is fundamental to good program
evaluation.[CDC]
If you are product-focused, you pour the greater part of your available
resources into making your existing products look better, perform better,
achieve better results. Basically, you know your market needs and are
bent on meeting them as effectively as possible.
If you are market-focused, you pour your resources into determining new
or emerging needs in your market and coming up with new products to
meet these needs. You don’t assume you know your market needs, but
rather are bent on discovering them and serving them.
In broad terms, user-centered design (UCD) is a type of user interface
design and a process in which the needs, wants, and limitations of end
users of a product are given extensive attention at each stage of the design
process. User-centered design can be characterized as a multi-stage
problem solving process that not only requires designers to analyse and
foresee how users are likely to use a product, but also to test the validity
of their assumptions with regard to user behaviour in real world tests with
actual users. Such testing is necessary as it is often very difficult for the
designers of a product to understand intuitively what a first-time user of
their design experiences, and what each user's learning curve may look
like.
“The fastest way to succeed,” IBM’s Thomas Watson, Sr., once said, “is
to double your failure rate.” In recent years, more and more executives
have embraced this point of view, coming to understand what innovators
have always known: that failure is a prerequisite to invention. A business
can’t develop a breakthrough product or process if it’s not willing to
encourage risk taking and learn from subsequent mistakes.
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Persistent
Adaptable
Deploy and Sustain
Business acumen
Human resource
manager

Engages
stakeholders
Team manager

Continuing firmly or obstinately in a course of action in spite of difficulty
or opposition.
Able to adjust to new conditions.
Able to be modified for a new use or purpose.
Definition
See above
Human resource management (HRM, or simply HR) is the
management of an organization's workforce, or human resources. It is
responsible for the attraction, selection, training, assessment, and
rewarding of employees, while also overseeing organizational leadership
and culture, and ensuring compliance with employment and labor laws
See above

Team management refers to techniques, processes and tools for
organizing and coordinating a group of individuals working towards a
common goal—i.e. a team.
Strategic thinking is defined as a mental or thinking process applied by
Strategic thinker
an individual in the context of achieving success in a game or other
endeavor. As a cognitive activity, it produces thought. When applied in an
organizational strategic management process, strategic thinking involves
the generation and application of unique business insights and
opportunities intended to create competitive advantage for a firm or
organisation.[1][2][3] It can be done individually, as well as collaboratively
among key people who can positively alter an organisation's future. Group
strategic thinking may create more value by enabling a proactive and
creative dialogue, where individuals gain other people's perspectives on
critical and complex issues.
See above
Adaptable
1. Not readily letting go of, giving up, or separated from an object that one
Tenacious
holds, a position, or a principle: "a tenacious grip".
2. Not easily dispelled or discouraged; persisting in existence or in a course
of action: "a tenacious legend".
orderly and efficient a highly organized campaign
Organized
organized - methodical and efficient in arrangement or function; "how
well organized she is"; "his life was almost too organized
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VITA
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VITA

2010-2013, Purdue University, Engineering Education Doctoral Program

While conducting NSF funded research on engineering innovativeness, I am also serving as a
research associate supporting the NSF funded team formation and team management tool:
CATME.

2008-2010 Assistant Professor of Entrepreneurship, Ohio Northern University.
I developed multiple courses in entrepreneurship, started student run businesses,
introduced dedicated affinity housing, organizing campus wide idea pitch competitions,
participated in business plan competitions, received grants for research in
entrepreneurship education, organized an entrepreneur speaker series, and for high school
students, offered an entrepreneurship summer camp and developed an entrepreneurship
scholarship competition.

2003-2008 Senior Lecturer in Interprofessional Studies and Associate Director for
Research and Operations of the Interprofessional Studies Program [IPRO] at
Illinois Institute of Technology [IIT],
In the IIT IPRO department I taught 4-5 junior/senior undergraduate student project
courses per semester which focused on real world problems. These courses were
primarily service learning courses centered on developing assistive devices for blind
swimmers; energy, water and shelter design improvement projects aimed at assisting the
world’s rural poor; process improvement courses for nonprofit health care organizations;
and business planning courses where non-business majors developed a business plan for
startup ideas or entrepreneurs.
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I also developed and directed a research program focused on assessment of learning
objectives and evidence based curriculum evaluation of innovations in Interprofessional
Education. This research program, which integrated undergraduate students in its
activities, resulted in over 30 peer reviewed published papers or presentations in
education venues such as ASEE, Assessment, and FIE Conferences over 4 years. This
research program was also supported in part by two NSF CCLI grants totaling $650,000;
first, to emulate the best practices of the Purdue EPICS program in service learning and
second to lead a four university consortium [IIT, Lehigh, Michigan Tech and Purdue] to
develop and disseminate best practices for teaching teamwork and ethics to
undergraduates.

2000-2003 Adjunct Professor in the IIT Stuart Graduate School of Business,
Chicago, Illinois, and
Assistant Professor at Dominican University, Graduate School of Business, River
Forest, Illinois
At the Stuart School of Business I taught EC Practicum, a final course for completion of
the MS in Electronic Commerce degree, Business Strategy in the Digital Age, a capstone
course in the MS in Marketing Communications Program and Supply Chain
Management, a core course in the MBA eBusiness concentration. At Dominican
University, I taught an Electronic Commerce for Managers course.

1987-2000 Founder and CEO The EDI Group, Ltd. and The EDI Group Canada,
Ltd.
The EDI Group, Ltd. was an independent professional services company specializing in B2B
electronic commerce [EC] and electronic data interchange [EDI]. Operating in the U.S. and
Canada, EDI Group provided EC courses and conferences, a professional EC journal and
proprietary market research to very large U.S. and Canadian technology providers and corporate
EC users. I sold the assets of EDI Group to Thomson Financial in 1997 and managed the
integration of EDI Group's products into Thomson Financial from 1998-2000.
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Over this period EDI Group delivered several hundred seminars that assisted business
managers in understanding the principles of EDI and electronic commerce and its use in
business processes. These seminars also covered Electronic Data Interchange [EDI]
standards, use of EDI software and EDI legal and audit issues. Additional seminars were
developed in best practices and benchmarking, cost and benefit analysis and strategies for
technology integration. Seminars were delivered to middle level and senior level
managers in Fortune 1000 companies in the U.S. and Canada. Seminars were further
adapted to culture and language requirements for Hong Kong, and Mexico. I published
over 10 professional papers on EDI and electronic commerce during this period.

1980-1987 Vice President, Manager, Cash Management Consulting, First National
Bank of Chicago,
Over five years I delivered jointly with academic faculty, over 75 seminars for financial
managers on cash management and treasury systems and financial network design. These
seminars focused on the design issues and implementation problems in receivables,
payables and treasury information systems. How to use proprietary network optimization
models developed with our academic consultants were centerpieces in these events. A
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